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Switching to a great career as a physics teacher is more 





achievable than you think. You could receive a £25k* 
tax-free bursary or a £25k* scholarship provided by 
the Institute of Physics, as well as support and advice 
trom our Premier Plus service. Alternatively, you could 
earn a salary of up to £25k* while you train. Then you 


can start changing young lives for the better. 


YOUR FUTURE | THEIR FUTURE Department 
for Education 


*Conditions apply. Visit education.gov.uk/teachconditions 
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Lawyers - grab the Imodium - Jurassic 
Worldis almost here. The revived 
childhood classic is stomping back into 
cinemas, two decades later. It’s astounding 
how much things have changed. We now 
know that most of those scaly reptiles were 
covered in feathers, and it was only 
recently revealed that while reviving a 
woolly mammoth might be possible, a 
T-rex’s DNA would have decayed by now. 
That won't stop the scientists in the film, 
though. The genetic engineers have 
created the most fearsome fictional foe yet: 
the Indominus rex. Once she escapes from 
her enclosure, she claws out her tracking 
implant and goes ona rampage. “Clever 
girl” as Robert Muldoon would say (or my 


Meet the team... 


QC) = 
| found out there was one called the 


Art Editor 
Pty Working on the dinosaur feature | 
ae 

‘or Saltasaurus. My surname’s Salter, 

-- so this might be my new fave dino. 

Erlingur 

Production Editor 

After months of pitching a tractor 

feature, | finally got one on the 

cover! A fitting swansong for my 
final issue. Kvedja! 


Phil 

Staff Writer 

The latest forensic technology 
won't solve crimes as fast as we 
see on CS/, but it will speed up 
the process. 
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The magazine that feeds minds! 
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dad; he’s been quoting that since 1993). 

But the truth is that most dinosaurs were 
plant-eaters and used their knife-like 
claws for digging rather than ripping flesh. 
That’s just one of the 101 facts in our special 
dino celebration. Just imagine how much 
more information scientists will have dug 
up in 20 more years’ time! Find out in How 
It Works issue 300.... 


Jodie Tyley 
Editor 


Jackie 

Research Editor 

This month in the HIW office, we’ve 
practised our vocal harmonies after 


Toto’s Africa is a team favourite. 





Jo 

Assistant Designer 

After a disappointing eclipse here 
in March, Svalbard has trumped us 
yet again, this time with the 
Doomsday Seed Vault. 





Jo 

Features Editor 

This month, | found out the truth 
about sugar while scoffing several 
delicious cakes made by our 
resident Star Baker, Jackie. 








reading the science of singing feature. 








Page 62 
What is it like to 
work on a farm? 
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What's In store 


Check out just a small selection of the questions 
answered in this issue of How It Works... 
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8 ENVIRONMENT 
How far do monarch 
butterflies travel? Page 68 


© SCIENCE 
hy are people better at 
singing than me? Page 46 
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What is the future of VTOL? —What are buoys actually for? 
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What were armoured trains? 
Hubble? Page 76 Page 24. 
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trivia. But the fact that it’s impossible 
to tip toe around without activating 
your T-rex arms didn’t make the cut. 





101 gigantic facts 


about dinosaurs 

e@ Some had feathers 

e There were over /OO species 
@ None of them could fly 


Armoured trains 


Forensic science 
e Virtual reality crime scenes 
e Sniff out hidden graves 


e Blood pattern analysis 
What are buoys for? 
Cremation diamonds 


Inside the Doomsday 
Seed Vault 


The truth about sugar 
e Where it comes from 
@ How it’s processed 


e Where it’s hiding 

Bunsen burners 

The physics of foam 
The science of singing 
Wrinkles explained 


How to check your 
heart rate 


Household bleach 


Underwater vision 


Porsche 919 


Laura Mears 
101 dino facts 

You have Laura to 
thank for the enormous 
| dino feature, packed 

| with loads of great 
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VTOL drones 


Faster, electric-powered aircraft 
take to the skies 


Twin-clutch gearboxes 
Porsche 919 Hybrid 


How seat belts keep 
you Safe 


The art of emergency 
vehicle lighting 
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On the farm 

e Life of a dairy cow 

e A farmer’s daily routine 

e The milking process explained 


How a bottle is recycled 


Life of a monarch 
butterfly 


The fearless honey 
badger 


Asperatus clouds 


Frost flowers 
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explain all about wrinkles, seeing 
underwater and more. We wish 
her all the best for the Big Day! 


_ Underwater vision 
) In between prepping 
* for her wedding, 


Zombie stars 
Plus six other strange celestial 
wonders explained 


Celebrating Hubble’s 
25th anniversary 


NASA's twins study 
explained 


Antstronauts 


How robots keep 
astronauts company 


Hayley 
Paterek 


Hayley managed to 





Celebrating ~ 

|Hubble’s 25th 

anniversary — 
| 
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James Hoare 
Armoured trains 
The Editor-In-Chief of 
All About History 
and History Of War 
takes us aboard an 


armoured train and explains what 
they’re used for. They blow Wi-Fi 
and folding tables out the water. 










of car tech, from gear boxes to 
seat belts. He has our vote to be 
the next 7Jop Gear presenter! 






Life of a monarct 
butterfly — 


ry 


Lee Sibley Tim. 
Twin gear boxes Williamson 
The Editor of our VTOL drones 


sister magazine 
Total 911 talks us 
through a variety 


After writing our 
cover feature on 

inka y ™ Fighter Planes last 

month, History Of War mag’s 


Tim looks to the future of flight. 
This time without 7Jop Gun puns. 
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Global eye 
Amazing science and tech stories 
from around the world 


Brain Dump 
The place where we answer your 
most curious questions 


Reviews 
This month, we've been testing 
out hi-tech camping gear 


Group test 
Check out the latest portable 
Bluetooth speakers 


How to... 
Make pH paper and learn how to 
skim a stone 


Letters 
Our readers have their say on all 
things science and tech 


Next issue 
Your first look at the next issue 
of How It Works 
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Army ants 
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Energy-efficient insects 


Each BionicANT weighs just 105 grams 
(3.7 ounces) and has a 3D-printed plastic 
body. Its six ceramic legs and jaw, which 
it uses to grip onto objects, are powered 
by piezo technology. When the ant lifts a 
leg, pressure is applied to the bending 
transducer in its thigh. This forces the 
charge of its atoms out of balance, so 
when the pressure is relieved, an electric 
charge flows between them. This 
electricity powers the motors that keep 
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the robot moving, meaning it requires 
very little energy and therefore has a 
relatively impressive 40-minute battery 
life. However, when it does need to 
recharge, the robot simply has to 
connect its antenna to a charging 
station. The BionicANTs also have a 
camera and sensors, which they use to 
determine their position and navigate 
their environment, and can communicate 
with each other via radio signal. 








Each BionicANT is 
powered by two 
rechargeable batteries 
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places - enough to drivea truck over it. 

However, the enormous cracks in the ice, which _ Net ii oc eS: os Be 
can be up to four metres (13.1feet)wide,makeit = | sielpen Lal - atlas Soe esti é ai 
a treacherous journey, so local motorists Ti tN ee ba irked y 
typically carry large planks of wood with them nest Lage i eae et cee hatte = The water is very 


to bridge the gaps for safe passage. @ clear, making it 
possible to see 
objects 40m (131ft) 


below the surface 


Why does the ice crack? 


Most substances shrink when they freeze, because 
their molecules have less energy and so stop 
moving around as much. Water is an exception to 
the rule because when it freezes, it actually 
expands. This is because the positive hydrogen 
atoms and negative oxygen atoms of the water 
molecules join together to form an open crystal 
structure containing large holes, which takes up 
more space. Then, when the ice melts, the water 
molecules rearrange their structure to close these 
gaps and move closer together again, taking up less 
space. At Lake Baikal, the water freezes at night as 
temperatures plummet to below freezing, but then 
that ice melts a little during the day under the heat 
of the Sun. This constant cycle of freezing and 
thawing causes the ice to expand and contract 
every 24 hours, resulting in the formation of large 
cracks as the water constantly changes its density. 


008 | How It Works vue f re i’ WWW.HOWITWORKSDAILY.COM 
























sealsvaslovesbarccmne) transport 


The Red Planet could be home to saltwater rivers 


After analysing the soil, temperature and 
Jarbboededinyacea-Baelle\Vt-bant-Deat(scbem \ateyats 
Curiosity rover has unlocked anew 
discovery. Conditions on some nights at the rover’s 
near-equatorial location were found to be 
favourable for salts in the soil to absorb water 
vapour from the atmosphere and dissolve to form 
FeViniMilepenlomeyenelcmpavinaleleredameloncie Cela bcr-VIAN\(clns) a ets ls 
been detected, there isa strong possibility it could 
exist at higher latitudes and thus explain the dark 
flows that appear on the slopes of Mars during 
warmer seasons. ~ 





Curiosity’s temperature and humidity 
~ sensors helped make the discovery 
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: will eventually be used to deliver drugs to 
individual molecules, and even DNA, into specific areas of the body, acting as gates 
the living cell. These carbon nanotubes, that select what is and isn’t allowed into 
which are 100,000 times thinner than a each cell, and even be used to develop 
human hair, consist ofarolled-upsheetof | completesyntheticcells. @ 
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There’s a watch to 
check yourre alive 


The Assure watch continuously checks if you’re alive 
and can inform relatives if you have an accident. It 
monitors temperature and movement, performing a 
vital sign check every 15 minutes. Family members 
can even remotely check on the welfare of their 
relatives by logging onto a secure website. 


Plants can grow 
without sunlight 


British scientists believe they have taken a step toward 
solving the problem of world famine. Greenhouses fitted 
with LED lights have been able to grow plants without 
natural daylight, which could allow huge quantities of 
plants to be grown in disused buildings and large 
warehouses across the globe. Urban areas would be able 
to grow fruit and vegetables all year round, no longer 
relying on imports from elsewhere. 


Neanderthals 
flavoured their food 


When you think of a Neanderthal, you’re likely to 

picture a brutish early human, tearing chunks of 

meat straight off the bone. It turns out they were 

better chefs than we first thought. By analysing 

their teeth, scientists have shown that Neanderthals 

§ actually flavoured their food with wild herbs, 

Our brains keep us eating f= including camomile and yarrow. Some 
anthropologists also believe they cooked stews 

We’ve all struggled to show restraint when presented with a inside animal skins. 

box of chocolates. Scientists have now found the brain area 

that tells us to keep eating, and hope to be able to soon install 

an ‘off’ switch. Within a cluster of 10,000 brain cells (known as 

POMC neurons) are tiny triggers, which tell us to keep eating if 

they aren’t functioning properly. 
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Glass shape affects 
wine’s taste 


For many years, wine connoisseurs have claimed 
the glass you drink from affects its taste, which 
has been met with some scepticism. There is 
now scientific evidence that this is in fact true. 
Different glasses allow differing amounts of 
ethanol to escape, which affects taste. A 
traditional wine glass was found to have the best 
shape for improving aroma, while tumblers and 
cocktail glasses were found to suffer from 
interference by gaseous ethanol. 
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A super-efficient 
seaplane takes off 

The CYG-11 is a new prototype seaplane from Chinese 
developers, which takes advantage of the ‘wing-in-ground 
effect’. This is where the proximity of the aircraft’s wings to 
the ground increases lift and decreases drag. Designed to fly 
or float‘ only three metres (9.8 feet) above the ocean’s 
surface, this aircraft could be used for coastal defence, 
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Why cooked lobsters are 
a different colour 


Until now, the reason why a lobster’s shell changes from blue 
to an orange-red during cooking was not completely 
understood. It is caused by heat breaking down crustacyanin, 
a protein that suppresses the orange-red hue of a chemical 
called astaxanthin, which remains in the shell after cooking. 
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males at DIY. It appears female 
chimps are more likely to use 
tools to help them hunt, while 
males prefer to use their hands 
to capture their prey. Regardless 
of whether you believe in the 
human stereotype of men’s DIY 
superiority, it’s interesting to 
see the opposite is true for our 
closest living relatives. 
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A white dwarf may 
have destroyed a planet 


Astronomers have found evidence that a white dwarf 
may have destroyed a planet at the edge of the Milky 
Way galaxy. Although white dwarfs tend to be similar in 
size to the Earth, they contain nearly all of the material 
of their original star, giving them monstrous 
gravitational pull at their surface, over 10,000 times 
greater than the Sun’s. It’s estimated that the destroyed 
planet possessed about a third of the Earth’s mass. 
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' found out that some pets may also be allergic to 
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Some pets are 
It’s a well-known fact that many of us suffer from | ' 
allergies to certain pets. Now researchers have 


humans, in particular the proteins within dander; 
the cells we shed from our skin and hair. Dogs em 
tend to sneeze and suffer with a runny nose, while ~” 
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TH€é WORD ‘DINOSAUR’ 
Mé<ANS TERRIBLE LIZARD yp 


The word ‘dinosaur’ was first used in 1841 
by biologist Sir Richard Owen. It is from the 
Greek word ‘deinos’, meaning terrible or 
great, and ‘sauros’, meaning lizard. 
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DINOSAURS ‘oe 
WERE NOT LIZARDS ~~ 
Despite being named ‘terrible lizards’, o 
dinosaurs were anatomically very 
different from other reptiles and are 
not that closely related. 













<AVEMEN NCVER 
Mé€T TH€ DINOSAURS 


The reign of the dinosaurs came to an end 
66 million years ago, but humans have only 
been around for 200,000 years. Our 
ancestors did not share a world with the 
dinosaurs, but they did encounter sabre- 
toothed cats and woolly mammoths. 
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J YOU KNOW? Dinosaur skin sometimes left impressions in the rocks, providing a fossil record of what they looked like 




































ota 
JAINA NO ON< KNOWS A BRI€F HISTORY OF 
Se Ne DINOSAURS REALLY WERE 
: Ss The coloured pictures of dinosaurs DINOS AURS 

seen in textbooks are guesswork 

based on what we know about 

animals today, but scientists have or 

analysed melanosomes (pigment A round 230 million years ago, the world was 

cells) found in fossils and are piecing (7 \\ avery different place. The land was joined 

together their real colours. LY \A together to forma single continent, and the 
dominant animals were reptiles. These enormous 
animals included some of the largest creatures to 
have ever walked the Earth. 

Over the course of their 165-million-year reign, 
the world underwent tremendous changes. The 
landmasses tore apart, and the climate became 
cooler and wetter. Seas appeared and 
disappeared, and plants started to dominate the 
land, covering the landscape in ferns, horsetails 
and conifers. 

Over the course of the Mesozoic Era, dinosaurs 
came to inhabit every landmass, diversifying into 
a huge variety of weird and wonderful shapes. All 
dinosaurs are thought to be descended froma 
small two-legged ancestor weighing just a few 
kilograms, but some evolved claws for grasping, 
others had bony armour, spikes, scales and horns, 
and some became enormous four-legged giants 
with extremely long necks and tails. Over time, 
dinosaurs became larger and larger on average. 

These enormous animals were reliant on the 
environment for their survival, but 66 million years 

TRIK€RATOPS HAD ago disaster struck. Around this time, a colossal 
UP TO 800 T€<TH asteroid struck the Earth, volcanic eruptions 
ae ee She De mmOWnT TOR Ee Tr spewed ash into the sky, and high oxygen levels 
© a Ne ees ca, geen a fuelled fires on the ground. The sea level dropped 
retaceous period had another BP OROss He ca eVerCrOPpye 
special feature. They had hundreds and 75 per cent of life on the planet perished. 
of teeth, stacked on top ofone Mammals could keep warm, were able to 
another in groups of three to five in ; 
piles called ‘dental batteries’. reproduce more rapidly and could burrow 
underground, so they quickly came to dominate 
the post-dinosaur world. Although the large 
dinosaur species died out in the mass extinction 
event, some of the theropods survived. They had 
evolved to become smaller over time, so were 
better able to cope with the changing 
environment. There is mounting evidence that 
birds descended from these adaptable dinosaurs. 

The dinosaurs are some of the most successful 
animals to have ever lived on Earth. They 
dominated the planet for over 150 million years, 
and despite suffering catastrophic losses at the 

time ofthe mass extinction event 66 million years 
ago, their ancestors are still among us andstill 
manage to colonise every corner of the planet. 


[a 


NOT ALL PR<HISTORIK REPTILES i 
WERE DINOSAURS | 


Over 230 million years ago, the Earth was dominated by 
large mammal-like reptiles like Dimetrodon and 
Lystrosaurus. They might look like dinosaurs, but they 
are actually more closely related to modern mammals. 
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SAURO PO Ds These long-necked giants are among the 
largest animals to have ever lived 


| O)sAuRorops were | JDRLOPOCUs HAP |p | SAUROPODS Dib NOT LIVE IN WATER 
HUG< HERBIVORES VERTEBRAE IN ITS N€XK Early ideas about how sauropods like Diplodocus lived portrayed 


them walking underwater like hippos. They had nostrils on the top of their 








The four-legged dinosaurs with long tails and At least, we think it did - there are very few heads, and scientists thought they would use their necks like snorkels 
necks are known as sauropods. The most complete specimens. For comparison, a Eiewaeuer with large bodies, the crushing weight of water would have 
common were Diplodocus and Camarasaurus. human has seven neck vertebrae. 


prevented them from breathing, and we now know they lived on land. 


| TITANOSAURS LAID - ~<so 
THE LARGEST €GGS Pott 4 
The larger an egg is, the thicker its shell y ad ind 
has to be. Even the monstrous “ 

titanosaurs had to lay relatively small 

eggs so that oxygen and carbon 

dioxide could cross over » 

the walls of the shell. 4 
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DIPLODO<US, ON< OF (8 mo Sx 
TH€ LONGEST mY, . (pe : 
= ma DINOSAURS, WAS THE 


Pi CNaite:s 
THREE BUSES. A = 


(YOU <AN Té€L \ DINOSAUR. 
| 7 WAS FEMALE BY LOOKING AT 
H€R BONES ‘ ~s 
Medullary bone lines the inside of bones and store ake 
calcium to help make eggshells. It forms in female 
birds in the run-up to egg laying, and its presence 
Se | _ in fossils can also reveal if a dinosaur was female. 


Pachycephalosaurus 
Late Cretaceous 
North America 


? HADROSAURS HAD ? ORNITHOMIMIDS NOMA Sana ? 
DU<KLIKK BILLS LOOKKD AND LIVED HAVE TWO BRAINS HAD THIKK SKULLS 


Hadrosaurs were the first dinosaurs found mi <2 OSTRIKHES Stegosaurus had a tiny brain, but at Pachycephalosaur means ‘thick- 

in North America, and since the 19th (oyaativatevaatianl(oNaatetclasiueliceMaallaal(ow the base of its spine there was an headed lizard’. The bone at the top of 
century, hundreds have been unearthed. and these two-legged dinosaurs enlarged space. Scientists once 10 a\=)] ams} .40]] exe) el (eM ol-MU|omnomsolol nam @l@)iap) 
These herbivores had a very distinctive ay] |NAe (om (oXe) <anilanlilt-lemm Mal=y’a arclem (olale Mmmm snleLe le ]alelimiaal(e|almarchUcmareleit-velr.| thick, and their faces were covered in 
appearance, with duck-like beaks adapted muscular legs, large, rounded bodies second, larger brain to control its legs, bumps and spikes. These dramatic 

for clipping vegetation, and crested heads _— and long necks with small heads. Like — but this idea has been discredited as features could have been for fighting, 
1 gY<h em aale| aim ate\V{oW olci>)am ars)|elscemkomne-larcjaalis modern ostriches, these dinosaurs igo Kom atehVieme ies) lanl ite] ane) eXslaliacemeemcine) a= or they might just have been for show, 
Xo] 0] aleksMe)V(=) am (eo) ale Mel [o1t- alesse were extremely fast on their feet. the energy-rich substance glycogen. ficou datem-]ald(clecmelamantele(sldame(-\-1e 
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DID YOU KNOW? The Cuban bee hummingbird is the smallest living descendant of the dinosaurs, measuring just 5cm [ein] 










ANKYLOSAURUS WAS ON<€ OF 
THE LAST SURVIVING DINOSAURS 


These heavily armoured dinosaurs had clubbed tails, 


weighed over 4,000kg (8,818Ib) and were covered in 3 SAUROPOSEIDON WAS 


bony plates. They were extremely tough, and no 
predator could tackle a full-grown adult. Serre Aad Mid 


A <IRAFF< 


i H<€RD$ OF 
DINOSAURS 
WERE FOSSILIS€D 

TOS€THER 


At a bonebed in Alberta, 
Canada, at least 27 
ceratopsids with frilled 
heads and horns were found 
buried together. 





? ALL DINOSAURS LAID €4<s 


Dinosaurs all reproduced by laying eggs like 
modern-day birds, and some of the hatchlings were 
thousands of times smaller than the full-grown adults. 


? SOME DINOSAURS <ARKD 
FOR TH€IR YOUNG 


Adult Psittacosaurus have been found alongside the 
fossilised remains of their young, and the bones of 
older babies have been found in the nests of 
Maiasaura, indicating that they probably helped to 
raise their young. 


= 3  TH<€ LARG<ST DINOSAUR 
Pterodactyls are the iconic flying dinosaurs, bi €GG WAS OVER 60<M LONG 


they weren't actually dinosaurs at all. ince The largest dinosaur eggs were found in Mongolia in 
were all land animals. Quetzalcoatlus, the lar gest the 1990s, and measured around 45cm (17.7ft) across. 


pterosaur of all, had a 12m (39ft) wingspan, = —— Compared to the size of the adults, they are stil 
making it the largest animal that ever flew. surprisingly small. 


AAS BODI<S KPT SOME€ OF THE BEST DINOSAUR 
20 DINOSAURS WARM 3 FOSSILS AR€ BABI<$ 


oii y S€A LeveL DROP p <> This process is known as ‘thermal inertia’. a? A Pasi a avaareoid seciieed van ainosauriound 
A$ THE DINOSAURS The larger the body of an animal, the lower vee sane y 


in Italy still contains traces of preserved soft tissue, 
WENT €XTINCT the surface-to-volume ratio - preventing : including intestines and tail muscles. 


At around the time the dinosaurs went heat escaping from the skin. 
extinct, the sea level fell by 150m (492ft) in 3 y) B ABY DIN O s AUR s 
GREW RAPIDLY 


just 1 million years, and inland seas dried up. Styracosaur\ 
: Sauropods like Diplodocus weighed a tiny 5kg (11Ib) at 


Late Cretaceous 
re birth, and grew to 10,000 times their size within just 

30 years. Fossilised embryos show sauropod bones 
filled with blood vessels, bringing nutrients to allow 
rapid growth. 


3 TH&€R<¢ ARK TWO MAIN 
TYP€$ OF DINOSAUR €G< 


Dinosaur eggs can be divided into two main 


<€RATOP SIANS HAD categories - spheroidal and elongated. Rounder eggs 
Fs HORNED war<os were laid by herbivores such as sauropods, while 
? DINOSAURS HAD FEATHERS The most famous ceratopsian is elongated, bird-like eggs were laid by theropods. 
Despite what you might see in textbooks, museums Triceratops, but there were other 
and even in this article, we now know that most dinosaurs dinosaurs with horns and frills. These huge 345 aN i poe DIDN’ T 
were not all scaly and bald. We have known for a while that the herbivores started to appear around 160 GG 
two-legged theropods had feathers, but in 2014 a very million years ago, and it is thought the frill The name sa eee means egg thief, but these 
distantly related beaked dinosaur found in Siberia was also was used as protection against predators, dinosaurs weren't criminals. They were actually 


found to have feathers, suggesting scales were replaced early to impress potential mates and as a devoted parents, and fossilised nests found in Mongolia 
Tame [aveyst-10/ar\.e) (01 ule) ae radiator to get rid of excess heat. show they arranged their eggs in spiral layers. 







“j9n PTEROSAURS 
WERENT DINOSAURS 
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DID YOU KNOW? Most dinosaur fossils have pieces missing, and are reconstructed using similarities with other related species 
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<j A $s| FI< A O N Dinosaurs can be split into two major 
eroups, with many more subdivisions 


FRUITAD<N$ 


THE MEAT-€ATING = - (ike melee) ai kesct-lUla(er(=) 
DINOSAURS WALKED = 
ON TWO FE<T Caen Fi 


All the carnivorous dinosaurs were 
theropods (although not all theropods | 
were carnivores) and walked upright ‘Oyaalinate)elerers| 
on their two hind legs. They typically ORNITHISCHIA | 

had hollow bones, three main fingers Cerapoda 

on each hand and foot, and sharp, 

curved teeth and claws used for ~d 
hunting and eating. 


DINOSAURS SITHER DINOSURI A eran areosaurus 
OR BIRD HIPS Se . Katt 


Dinosaurs can be divided into two See, ft 

major groups based on their INRAFTOR 
hipbones. The Ornithischia, or 
‘bird-hipped’ dinosaurs had a pubic : 
bone that pointed toward the tail, *“¢@. . 

and the Saurischia, ‘lizard-hipped’ “ : 

dinosaurs pointed toward the head. + ALLOSAURUS 
Interestingly, birds evolved from <AMPOSAURUS 

lizard-hipped dinosaurs. 











Ankylosauria 
STEGOSAURUS 
Stegosauria 






Thyreophora le 





Wel gel aveyers) ol arel ite 








MOST DINOSAURS AT< —# 
PLANTS : TYRANNOSAURIDAC DT TIT 
Dinosaurs are often portrayed as FAMILY TR&< 


fearsome hunters, but the majority of 
species were herbivores. Even some of 
the ferocious-looking theropods 
actually ate plants and used their sharp 
claws for digging. 





f 


Gorgosaurus " Daspletosaurus  Albertosaurus § Tarbosaurus li Tyrannosaurus 








Ps peek -Riojasaurus - 
Camposaurus | Late Triassic 


Late Triassic | South America 
North America 


ip SR 
Stegosaurus — 
» Late Jurassic 
7 North America, 


Late Jurassic, 
North America, 
mel ge)ey=) * 


he 


TRIASSIC 252- 201 MILLION YEARS ASO. 
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) YOU KNOW? A theropod known as Concavenator had a hump on tts back like ag camel 


TH€Ré WERE MORK THAN TH&€R€ ARK HUNDREDS OF TH€R< WERK FEWER 
100 SP€<I<$ OF DINOSAUR DINOSAURS Y€T TO BK FOUND DINOSAUR SP<<l<s 
To date, over 700 species of dinosaur have been It is estimated that we have only found around a tenth of THAN Weé THOUGHT 
identified, but only around 300 have been confirmed the dinosaur species that ever existed. Some are buried Hundreds of species of dinosaur have 
as entirely unique. There are more yet to be found, so in rocks we cannot reach, while others lived in areas been named, but very few baby 
this number will continue to change. where conditions did not favour fossil formation. dinosaurs have ever been found. 


Scientists have reviewed the evidence 


a RS again and have found that some smaller 
larger species, and that as they grew 
their head and body shapes changed. 


HYPSILOPHODON A AN 


, La AY/ es 11) e)aloreCe)aya(ele(=) 
<HARONOSAURUS IGUANODON 7 e 


DRA<ORE€X 









Iguanodontia 





PACHY<€PHALOSAURUS 






ann 


Pachycephalosauria 
<éNTROSAURUS am -_ 
Ceratopsia 
PROTO<€RATOPS TRIK€RATOPS 


( BRA<HIOSAURUS 
DIPLODO<US 
<ARCHARODONTOSAURUS 
5 ARS€NTINOSAURUS 
a . IGANOTOSAURUS MAPUSAURUS —FpP vo 


THE€RIZINOSAURUS SHUVUUIA 


y 4 DINOSAURS AR< STILL 


SPINOSAURUS | 
7 OVIRAPTOR ALIVE TODAY 
In the 19th century the fossilised 
remains of a feathered dinosaur called 
TROODON Archaeopteryx were discovered, and 
V€LO<IRAPTOR er, : 
since then evidence linking dinosaurs to 










UTAHRAPTOR ope birds has stacked up. It is thought that 
early birds started to evolve from the 
a carnivorous theropods in the late 
Jurassic, and a few managed to survive 


© Thinkstock; Science Photo Library 


- RAJASAURUS ye SS rela ROS NURUS De et the mass extinction, giving rise to the 
| bird species we see today. 









‘Triceratops = 
LateCretaceous”  » 
NorthAmerica ' 






Peter Scott / Art Agenecncy 
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Hs i Bploce 
Late Gretaceous 


olgaaW-\ealslalers 





Olt lalee] elie) 
arly Cretacec 
odin a \aateld(er-) 
























































th QINsONTOLOGST 69 oN SOM HERBIVORES ] HADPROSAURS 
STUDY FOSSILS €LF- HAD TH< 
Scientists that study dinosaur ARPCNRG T€€TH MOST T€€TH 


remains are known as As their jaws closed, the teeth of W Mat=mel0 (ec e)]|(=\eme||alesst-lUlacmarelel 
palaeontologists. Anthropologists Xo) galow e)/-lal tye ul are mel [alesst-]0leomuvelel(e up to 50 rows of teeth stacked 
inUlehVmalUlant-lamasaatellarcweelare| grind against each other, wearing the fo) ke) oe) me)al=-lacelual=lemant-Lalarene| 
archaeologists study artefacts. surface into a sharp point. 1X0) =] Ke) me)'(=) al MOL010p 























ra ARMOURKD DINOSAURS ARK 
KNOWN AS ‘THYRKOPHORA’ 


Stegosaurus and Ankylosaurus are famous for their 
armour plating and were members of a group of 
dinosaurs called Thyreophora. Anklosauria were the 
most heavily armoured and had bony plates, spikes 
and clubbed tails. 


6 DINOSAUR’S Legs iN 
ARE POSITIONE 
BE€N€ATH THEIR BOIS y 


Crocodiles and lizards walk with > 
their legs out to the sides, but . 
! 1 


| } 


dinosaurs have their legs 
underneath their bodies, allowing Ty 
them to run faster. ' 


SOME DINOSAURS ~ Bs 
6 SHALLOWS. NOs A. | 


Many plant-eating dinosaurs have been found with 
groups of rounded stones inside their ribcages, 
indicating they swallowed stones to aid digestion, like 
modern birds. 


§ § SOM< DINOSAURS HAD A 
MIXTURE OF DINOSAUR- 
LIKE AND BIRD-LIKK F€ATURKS 


Birds are descended from small theropods. They. 
walked upright on two legs and fossil evidence : 
shows that some of them had feathers. 


r\\ rr, 

DINOSAURS LIV€D IN A THE LONG<ST 

<HANSING WORLD DINOSAUR -NAM< 
Around 250 million years ago, all of Earth’s alas 23 LETTERS . . 
landmasses were joined in a supercontinent known as Micropachycephalosaurus means 
Pangaea. During the reign of the dinosaurs, this ‘tiny. thick-headed lizard’. It might 
landmass split apart, first into two and then into the have the longest name, but it was 
seven continents we see today. (oy) hVar=] ofe) 6) al Lane Go Moi a0 Ml (e)alep 
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In 2005, collagen tissue was found In a T-rex fossil. Scientists think iron molecules helped prevent its decay 


ae 


Barge 20% HAD /2 ORNITHOPODS ] ON< DINOSAUR |S 
r<Ta\ i ol Kas WALK<D ON NAM&<P AF TER THE 
Fossilised remains reveal that ALC) l€G$ HARRY Pp OuMIA Ole) Ss 


dinosaurs in the Cretaceous and DY Tatesst-] las lL com le |er-)acelele)al-]aie mae (- mam Dy @- (ere) c->.@ alelenyi'r-] a u=1- im Gel e-lelolal dlaleme) i 
Jurassic were hosts to giant duck-billed Hadrosaurs walked Hogwarts”) was a pachycephalosaur 
flea-like insects measuring ten Uye)a(e]alme)amayyem (=le\seer-] rem (Veco mal with a large bulge on its forehead and 
rilaalcSomual-eopdeme)mpatete(-laamil-te ioe a\slaekom |Lcomaalele(=\aanret-\varel ale) (0) elem a dragon-like spiked frill. 


Indosuchus — 
Late Cretaceous 
Tarelfe) 


~ at es poets 


Btettte\ 7 BONES WERE SMALLER THAN us 
‘Birds are Nem are) |(eduy bones, which helps to keep ~ Diplodocus, Triceratops, T-rex and 
| idatcli@nnviclielaimte (enw aliol@ilte) aimelarek-valelel (tae Stegosaurus were all enormous, but many of 
Late Cretaceous Uyal(el0(=MVco\axeyin ©) g=to) Wall ale Meemst-10] ae) elele(ow-lale the two-legged raptors and some of the 
NSE) 1ig{=1 qe) efele (om alee ale)! (e)\\Va ole) a(=som Kole n herbivores were smaller than we are. 





aa ooo 
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LE HISTORY 


HUNTING DINOSAUR 
























Fossils have be found on 
every continent on Earth... 











Ankylosaurus —> 
Late Cretaceous | 
North America : 





g TH€ FIRST DINOSAUR FOSSIL 
WA$ FOUND IN <NGLAND 


The first dinosaur to be scientifically documented was 
Megalosaurus, formally named by William Buckand in — 


1824. The fossils were found in a quarry in Oxford. 


] NORTH AM&RI<A HAS 
€X<AVATED THE MOST 389 
DINOSAUR FOSSILS 


North America, Argentina and China have 
more than their fair share of dinosaur 
fossils. Areas with desert-type 
environments prevented the build-up of 
thick layers of plants, leaving the remains 
easier to find under sand and rock. 









—- nao 
A a , . 
-: . ~~. 
Na 


. 
_ - JURASSIK COAST 
4 re South coast, UK 


SIC RN ois 

<TRASK ANCIENT $T<PS Bae SOAR N<W DINOSAURS 
Sali mudflats captured the imprints of b. | abe tah USA Pest SON DISCOVERED 
dinosaur footprints, and some were preserved | €VERY YEAR 


as fossils. Utah in the United States is * <: | There are hundreds of dinosaur 
particularly famous for its dinosaur : 
trackways, which can be feund on what used 
to be an ancient muddy floodplain. 


fossils still to be discovered, and a 
new dinosaur is found and named 
‘approximately every seven weeks. 










g CHICXULUB <RATER MARKS __ 
TH€ A$ T<ROID IMPACT THAT 
KILLED TH€ DINOSAURS 


Chicxulub crater in Mexico is a 66 million-year-old, 

180km (112mi)-wide impact created by a 10km SANE 

(6mi)-wide asteroid. It is thought to represent the . Argentina 

‘aftermath of the impact that killed the dinosaurs. Ly 

In 2016, scientists plan to drill into the crater to 

learn more about its history. _— 
yey 
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& A DINOSAUR BONES <AN A, BS DINOSAUR BONES 
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BE RECOGNISED BY 
DISTINCTIVE SKULL HOL<$S 


All dinosaurs have the same basic skull, South America Carbon dating doesn’t work on dinosaur 
with two holes for jaw muscles behind 4 | bones, so scientists estimate the age of 
the eye and an air socket between the Ao fossils by measuring radioactive isotopes 
eyes and nose. in the surrounding rocks. 


rer WERENT DINOSAURS 9 TROODONS WERE 9 AMBER INS<€< TS 
THE FIRST REPTILES TO LIV€> FOR UP PROBABLY TH< DONT <ONTAIN 
RULE TH<€ <ARTH TO 300 Y<ARS <LE€VEREST DINOSAURS DINOSAUR DNA 


Around 300 million years ago amphibians Paleontologists estimate the large Troodons lived around 77 million years = Jurassic Park is based on the idea that you 
dominated the planet, but as the climate got dinosaurs had life spans ranging from ago and were about two metres (6.6 could extract dinosaur DNA from blood 
warmer, reptiles took over. There were the 75 to 300 years. However, these feet) long. They were carnivores, preserved inside the bodies of mosquitoes 
‘powl lizards’ or pelycosaurs, mammal-like estimates were made based on walked on two legs and had relatively encased in amber. Unfortunately, despite 
reptiles called therapsids, and archosaurs, information we have about cold-blooded _ large brains for their body size. They several attempts to recover DNA from 
from which dinosaurs, crocodiles and animals - if they were warm-blooded are also thought to be related to preserved insects, it seems as though it 
pterosaurs eventually evolved. they would have had shorter lives. modern birds. doesn’t actually survive inside the amber. 
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DID YOU KNOW? Smilodon, the sabre-toothed cat, first goppeared over 62 million years after the extinction of the dinosaurs 

















g MOR<_THAN g TH€R<&'$ NO ACTUAL BONK g MOST DINOSAUR 
100 DIFF€RENT IN A DINOSAUR FOSSIL FOSSILS WERE 

DINOSAURS [ (VED When dinosaurs died, their bones were covered in» FOUND BY AMATEURS 

IN BRITAIN sediment that was compressed and turned to There are many more amateur fossil 

Bice teatro nialand rock. Over time, the bone itself dissolved away, hunters than professionals, and they 

bridge that connected Europe leaving a bone-shaped hole in the rock, which can cover much more ground. The 

to North America, and has then filled with minerals, forming a cast. largest T-rex fossil ever was found by 

been described as a dinosaur es an amateur. 

paradise. It was home to over a 1) 

100 different species, including es — 

armoured ankylosaurs, giant “Sa: a ge = - 







sauropods and three different 
types of fearsome tyrannosaur. a" 















g THERE ARK 
TWO MAIN 
TYP<$ OF FOSSIL 


. | | 7 . Body fossils show the 
FLAMING <LIFFS “ actual shape of dinosaur 
Se owe remains, while trace fossils 
show evidence of their lives, 
like footprints and nests. 






BAHARIYA FORMATION 
Western Desert, Egypt 


BS ARGENTINOSAURUS, THE 
@ H<AVI<ST DINOSAUR, 


, WEIGHED THE SAME 
oP | A$ A BOKING 
eer ‘ 737 


ie China 9 FOSSILIS€D 
’ FOOTPRINTS T<LL 
Us HOW DINOSAURS 
MOVED 

Preserved dinosaur tracks 


revealed some theropods could 
run at 43.5km/h (27mph). 
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oueent hk cup 
Ae. | 92 DINOSAURS RAN 
ALONS RIVERBEDS 


Fossilised dinosaur tracks found in 
Australia reveal a superhighway where 
two-legged dinosaurs travelled on 
tiptoe through a fast-moving river. 






THE MOST ANCIENT 
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DINOSAUR FOSSILS Wé€RE 
DINOSAUR FOSSILS 
PSA Lei aie ieee 9A RRe FOUND ON ALL 
243-million-year-old dog-sized dinosaur called S€VEN <ONTINENTS 


Dinosaur fossils have been found in the 
very northern parts of Canada, right 
down to the frozen wastes of Antarctica. 


Nyasasaurus parringtoni. Bones from two different 
individuals were excavated in the 1930s, but 
weren’t properly studied until 2012. 


DO RATORS WERK 10 MAMMALS 10] BRONTOSAURUS MIGHT 
<OVERED IN US<D TO HAVE B<<N A R<AL 
F€ATH<€RS <AT DINOSAURS DINOSAUR AF T<R ALL 


Of all the dinosaurs, the most Repenomamus robustus Brontosaurus is famous for not being a real 
feathery were the theropods. was a 1m (3.3ft)-long dinosaur - the fossils were mixed up and the 
Velociraptors were covered in mammal that lived 125 head of a Camarasaurus was placed on the body 
a layer of feathers, and so too million years ago in China. of an Apatosaurus. However, in 2015, a new 

was T-rex. Many other One specimen was found study of the bones revealed that Brontosaurus 
dinosaurs had spiny quills or with dinosaur remains has a longer and thinner neck than Apatosaurus 
feathery stubs. inside it. and thus might be a distinct species after all. 


© DEA Picture Library / UIG/REX; Thinkstock; Lisa Andres 
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What were 
armoured trains? 











Discover how railways went to war in the 19th and 2oth century 


he explosion of rail travel in the 19th 

century changed warfare. Now armies 

depended upon railways to mobilise 
and to supply, from dispatching troops and 
vehicles to the front line to keeping them 
well-stocked with munitions, medicine and 
other sundries. Railways became pivotal to the 
war effort, so they had to be protected. 

The first improvised armoured trains 
appeared in 1848 for use by the Austro- 
Hungarian army in quelling the revolutions 
that gripped the empire that year. Nearly two 
decades later they proved their strategic worth 
in the American Civil War of 1861 to 1865 when 
armoured trains protected the Union-held rail 
lines of Baltimore from Confederate saboteurs. 

In June 1862, Confederate General Lee 
ordered that a cannon be mounted on a railway 
carriage, kick-starting the evolution of the 
armoured train as a means to not just protect 
the railway, but as an offensive weapon in 
itself, able to advance rapidly toward the lines 
and unleash a powerful artillery barrage. 

It was over wide-open spaces where 
armoured trains really came into their " 
own, and the British Empire used them to 
protect its far-flung interests, such as in Egypt 
(1882), Sudan (1885) and India (1886), as well as 
South Africa during the Boer War (1899-1902). By 
World War I (1914-1918), Britain and its 
continental neighbours saw armoured trains as 
best deployed against irregular forces like 
those they had faced in their colonial 
campaigns, and too vulnerable for use against 
professional armies. 

Although a few models saw service on the 
Western Front, it was on the Eastern Front 
where armoured trains remained vital thanks 
to the poor infrastructure and vast 
distances of the Russian Empire. The 
Soviet Union inherited the 
previous regime’s enthusiasm for 
rail-mounted combat and they 
were a feature of the Russian Civil 
War (1917-1920), the Polish- 
Soviet War (1919-1921)and  -~~- : 
theEasternFrontofWorld _—~ —Sij)e=— 
War II (1939-1945), where they 
saw service as both frontline 
artillery and anti-aircraft guns. & 
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Soviet railwaymen work on 
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Ammunition 

Most of the interior was 
filled with ammunition 
stores, making things 
extremely cramped for 
the crew of 30. 


7 —_ Ff; 






Cannon 

A 76.2mm (3in) 
field gun was 
mounted on each 
turret. Capable of 
firing ten to 12 . 
shells per minute, ; Fre 
they had a > ee ; sh, a. 62 EN 
maximum range of = A diy 4 We — H Ph (eel) -\) Eee ov ala | Acne 
13.29km (8.25mi). a : af . et: | 


ae 
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ae 


* yelper 1 
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| uo 
y¥ Machine gun 

eer Six 7.62mm (0.3in) Maxim 
= machine guns could take 
out any infantry attempting 
=. _— to flank the train. They 

© were water-cooled to stop 

them from overheating. 























. Chassis 















ar 
a 
on a pair of Diamond : 7, = 
two-axle railway trucks. 
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Armoured trains were used ds recently as the 1990s in conflicts in Yugoslavia, Armenia and Georgia 


Sat ee > 


* 





The railway warlord of China 


When the Communists emerged victoriousin Manchurian warlord Zhang Zuolin. 






the Russian Civil War, many defeated As well as the ‘White’ trains and 

nationalist ‘Whites’ fled to China - and they volunteers, including at least three ‘ Churchill in his military 

brought their trains with them! generals and an entire cavalry regiment, Y Lee 
The vastness of China and the widespread Zhang employed Russian engineers to ¥ South Africa 

nature of the fighting after the overthrowofthe createsimilararmoured trains for hisarmy. — _ 

emperor in the Xinhai Revolution (1911) was Fittingly, Zhang was assassinated in his train Wa. be 

ideal territory for armoured trains and they on 4 June 1928 when a bomb was planted ona | | | os TP ie 

became most closely associated with railway bridge. \' Ed | 


The wreckage of : =a 
Zhang Zuolin’s : | 

train after his 

assassination 












Command tower Armour 
The commander would sit The armour was 19.8mm 
7) = — in an armoured turret and (0.78in) thick on the 
pe" Pe) peer through the triplex sides and 15mm (0.59in) 
"| glass visor or a periscope. thick on the roof. 
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7 Camouflage 


) Extremely vulnerable to 
attacks from the air, it 









Skirts 


Low armoured skirts 
_ protected the wheels 
~- and stopped explosive zit } ‘.» Was more important than 
4 S shells from detonating | wp ever that the armoured 

. — under the train. thy: - train be camouflaged. 














oh * 
_ 


A - T — rt. re \\ | SEE - \ 



















_ 


Lu iy ie 







WWW.HOWITWORKSDAILY.COM How It Works | 025 





TECHNOLOGY 


ENSIC SCIENCE 
\ (ee) 3 a} RVEALED, 8 ORIDIELE 


TECH THAT SOLVES CRIMES 
AND CONVICTS SL ne 

orensicscience has never been under more 

scrutiny than right now. Since the dissolution f M A I e H I N G 

GLASS T O | 


of the UK’s government-owned Forensic 
loererc hasten melcpele) gee Mmncla@eolevambenselcneelepelnaraicxeyel | G U G P E C T Fe 


























Science Service and the use of private contractors 
{date Cole)cColelmieya@aebisiesl cores Peleg olele)@ e)¢-len (ecm als 


defence will try to discredit forensic experts to save Using a clever type of mass 
their clients from prosecution. spectrometry involving lasers, it 
The huge popularity of TV shows relating to is now possible for even the 
; : < tiniest fragments of glass to be 
forensics has not helped either. The general public’s matched froma cniimeimne ire 
expectations have been raised; they expect 100 per crime-scene samples. 


cent accuracy and rapid results, both of which are 
misrepresented in many crime dramas. Insome 
instances, this has led to miscarriages of justice, 
through the wrongful representation of various 
theories as undisputed fact. The public struggles to 
appreciate this; forensic science has long been 
thought ofasa tool to expose wrongful convictions, 
rather than cause them. The popularity of forensics 
in the entertainment world has also aided 
criminals. They now tend to have greater 
awareness of many of the techniques used by 
forensicscientists, enabling them to avoid detection 
with greater success. 

However, the technology used in forensics has 
(oL=yr()lo)olexopelerexs)\valeuneleytctimecielnep aval Key.e(ae)lescatsins 
no longer have to taste stomach contents to check 
for poisons, which was an unsavoury part oftheir 
p(oleXe(acferglo)alevekolelabercavalenevet-benabes(ccms belsinas (em 
they can nowuse precise analytical techniques, 
such as mass spectrometry and high-performance 
liquid chromatography, to determine the exact 
quantity of compounds present in any test sample. 
DNA technology has breathed life into cases that 
Jake hV(emoxer=yaW(ayamedarce)b(elelcvom(e) me (create lcrmr bale! 
continues to be refined for greater accuracy. 

Forensic technology has undeniably improved 
the police’s ability to solve crime, but 
improvements are still needed. Experts are 
constantly trying to reduce the length oftime 
analysis takes, as waiting weeks fora DNA result : ; 
can havea detrimental effect on police ) D A T IN G 
investigations, allowing moretimeforcriminalstO sss : 
evade detection. The amount of evidence that \BLOOD SAMPLES 
needs analysing has created a huge backlog, which SE ae | 
means evidence has to be prioritised by what is 
most likely to reveal probative evidence. 








PAW c=yVZo) 01a (0) at=lmVmers] gals) <I at=l mer-] aBcver-] am ual=MVAsi1e) (= 
[J ol=xo1uaUl name) im ar-(=anlele](e)e)[amexele] (em aat-],<omiem ofes<s-)| 0) (=m Komel-1n2) 
blood stains to within a day, potentially even within an 


It will be fascinating to see how forensic aLelU lea Malic and oX-les) e\-\eaie-] Mlaat-lellateel-\ulex-Merel0] (eM -lat-le)(- 
technology develops isladets coming years erate | foxe) [fxs Kom lpalaaisxell-inclhva=scit-]e) iam al aal=Meyime(st-l dn MAYaal(orn 
; ; currently takes days to achieve. It’s thought that this . | 
whether the new techniques we've featured speed technology could be adapted to confirm the presence of Haemoglobin is a protein made up of four polypeptide 
up investigations and lead to convictions. @ other fluids, such as saliva and sweat. chains, each joined to an iron-containing haeme group 
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The roots of hairs can be used to determine gender, as they contain DNA 




























SNIFFING OUT HIDDEN GRAVES 


=== 


Locating hidden graves is both timely and costly, impacting 
law enforcement and military operations globally. The 
lightweight analyser for buried remains and decomposition 
odour recognition device - LABRADOR for short - claims to 
help find hidden graves. As our bodies decay, over 400 
chemicals are released, producing a unique chemical 
signature that this device identifies. Its potential 
applications are vast, and include detecting narcotics, 
accelerants and even explosives. 





CRIME-SCENE 
PHOTOGRAPHY 0 
When photographing a crime scene, it is A R BA O Ef 


imperative the photographer does not 


delete a single image, as this would be Ci O N V iv R GE WN C si 


deemed as tampering with evidence. 





















When bloodstain pattern analysts arrive 
at a crime scene, they will examine the 
distribution, size, shape and location of 
the bloodstains, to determine what has 
happened. Using the stringing method, 
the analyst will record the location of 
each spatter by employing the 
coordinate system. By determining both 
the angle and direction of each spatter, 
the starting point of the bloodshed and 
the victim’s location are established. 


















C 
J PATTERN 


MAPPING 


famelae(=lancomaar-L<om uate 

Kel=Valdiacer-1ule)ameymoice)(=1a) 

fe fofore (om ar-lae(slemelalaaliarlm yall 

remove any form of serial 

allan) elclems\vAelci[are m=) (cve1ge)a| 

backscatter diffraction (EBSD), 

it is possible to map the 

deformations in the metal’s crystal 

structure, revealing the removed 

Talxe)aaar-1uce)aram Malicmuctoinlali(ell(emerele| 6! 

prove useful for reconstructing vehicle 

fefelavuna(er-ale)amalelan|e\=\ acme) ar-\\/-)a ma al= 
a , : : Tan) ®)aiaieom (-)nemeau-lanlealllalid(e)amer-s-iia else 


© CGTextures; Thinkstock; OJO Images/REX 
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VIRTUAL AU 


CAN CAUSE OF DEATH BE ESTABLISHED WITHOUT DISSECTI TC 


Autopsies are a messy business in more 
ways than one. They can take hours to 
perform, and further analytical results 
can take months to produce. This not 
only delays forensic investigation; it 
can also add to the grief the deceased 
person’s relatives experience. On top of 
this, researchers believe more than ten 
per cent of post-mortems are not 
completed to a satisfactory standard, 
meaning many suspicious deaths are 
never correctly identified. 

The newvirtual autopsy, or 
‘virtopsy’, aims to speed up the entire 
process and achieve faster results. 
They offer the advantage of preserving 
a virtual form of the body, which can 
be continually reviewed and analysed. 
This will greatly increase accuracy, as 
multiple experts will be able to 
simultaneously examine the corpse, 
which is impossible to do during 
traditional post-mortems. The ability 
to gather nondestructive findings isa 
huge benefit of a ‘virtopsy’; many 
families would rather their loved ones’ 
bodies weren't subjected to the rigours 
of a traditional post-mortem. By using 
the virtopsy software, precise areas of 
interest can be chosen for further 
investigation, allowing pathologists to 
reduce the time they spend physically 
looking for clues in the body. Although 
unlikely to completely replace the 
traditional autopsy, the virtopsy has 
huge potential to speed up the process 
and greatly reduce the chance of 
missing vital evidence. 
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VIRTOPSY TECH | 


How is a virtual autopsy carried out, and 
what equipment is needed? 





6D scanning | 
By combining MRI and CT-scanning technology, il * 
it’s possible to create a 3D scan of the body. | 
This scan can be used to examine the body 

with more clarity than a standard autopsy. ; | 








Heart-lung machine 
During a virtual autopsy, this 
machine will circulate contrast 
solutions around the body, 
allowing clear visualisation of 
any circulatory problems that 
may have contributed to death. 
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DID YOU KNOW? Red blood cells do not possess g cell nucleus, making them a poor source of DNA 









‘The ability 
to gather 
nondestructive 
findin SISG 
je benefit of 


topsy 


Computer-supported biopsy — 
This machine works to choose the best 
tissue and fluid samples for analysis, 
which it can then help to analyse once 
they are collected. 


Brain examination Replacement 

The brain is thoroughly examined for signs After all of the previous procedures have 
of injury or abnormality. Often it willbe preserved been conducted, the organs will be placed back 
in formalin, which will harden the brain, inside the body cavity and the Y-incision will be 
allowing it to be dissected with greater accuracy. sewed up. Samples may be further analysed. 
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Roadside 
drug testing 


Drugs have the ability to slow reactions, increase 
risk taking and alter judgement, all of which are 
detrimental to a person’s ability to drive safely. It’s 
important to remember that not only illegal drugs 
cause problems; people on prescription 
medication can be just as dangerous if they fail to 
follow their doctor’s guidance. 

Drug driving is a frequent problem across the 
globe. Due to the overall lack ofa definitive 
roadside test for drugs, many users believe they 
can get away with driving under the influence and 
tend to be more worried about being caughtin 
possession. The UK and US have relied heavily ona 
set ofimpairment tests to detect drug intoxication, 
but these are unreliable and don’t tell you the 
identity of the ingested drug. 

The Securetec DrugWipe can detect up to five 
substances, including cocaine and cannabis, ina 
single test using a person’s sweat. Results are 
available after three to ten minutes, making it 
feasible for police to use the device at the roadside. 
By using highly specific antibodies, it is able to 
guarantee reliable drug detection. 

Arange of other forms of DrugWipe are available 
depending on what you wantto test for. This 
includes a test for ketamine, which is currently the 
fourth most popular recreational drug in the UK. 
Using sweat is a more reliable test of impairment 
compared to many oral tests. This is because drug 
deposits can form in the mouth, providing a 
positive test even though the drug may have been 
taken days before, meaning the individual would 
not be impaired at the time of testing. 

Sample collector 

The DrugWipe sample | 
collector transfers the 

sweat sample to the 
test strips, where any 
drugs present will 


bind to drug-specific 
antibodies. 















Test cassette 
If a drug is detected, a 
code relating to the specific 
drug within the sample will be 
displayed. For example, in the case 
of cannabis, “CA” would be shown. 


© Thinkstock 
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FORENSIC 
RECREATES 






LODECK 
RIMES IN 3D 


NEW VR TECH WILL HELP JURY MEMBERS VISUALISE CRIME SCENES 


Reconstructing a crime scene is 
one of the toughest jobs for any 
forensic scientist. This is 
particularly apparent when they 
give evidence in court. It’s vital 
that both the judge and jury are 
able to develop detailed 
knowledge of any crime scene, in 
order to figure out what happened 
as well as the precise order of 
events. Without live footage of the 
scene, this has been incredibly 
difficult to achieve; photos of the 
scene and other types of evidence 
presented to the jury often leave 
much to the imagination. 

By combining MRI, CT, laser- 
scanning technology, camera 
footage, eyewitness statements 
and the virtual reality headset, 
Oculus Rift, the forensic holodeck 
has been created. Using this new 
technology, all members of a 
courtroom may soon be able to 
walk through the crime scene in 
high-resolution 3D. Named after 
the simulated-reality device 
featured in Star Trek, an 
advantage of the forensic holodeck 
is that it can simplify a scene. This 
can help show exactly the 
evidence in question, or make 
particularly violent scenes less 
traumatic for the jury. Being able 
to appreciate a particular 
individual's line of sight is another 
significant benefit, as this can 
show whether someone is telling 
the truth about what they saw, or 
whether a suspect could be seen 
by certain individuals. 

The Oculus Rift is able to 
measure the user’s orientation in 
real-time, which allows crime 
scenes to be viewed with the 
correct perspective. Originally 
designed for use in the world of 
videogames, the Oculus Rift has 
been modified so that it can 
measure the user’s position with 
the help of an optical tracker. 
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ATTHE SCENE ~ 
OF THE CRIME 


VR tech puts the jury right 
inside the crime scene | 














Multiple perspectives 
Moving around the scene enables the 
user to appreciate the different 
perspectives of the people involved, 
which may help to explain why their 
accounts of the events differ. 


How lies can be 
‘seen’ in the brain 


IRXetstere] Moa a=) soM ei f=] ga KOM aY-\V{- celUlalemualcmele)(eBo)r-laler-]ce miami (= 

foley ncvouu(o)a mm oa pale)alixe)alaremuat=mele-][aMuvivamielareid(e)at-|maat-lelalciale 

resonance imaging (fMRI). Research has shown that telling 

lies increases blood flow to the brain, which in turn 

increases oxygen levels. This increased oxygen level causes 

1dat=m ol e-|lamceomo)atejalcclamiamealsWilY/iniMlaal-le(ompover(e) aluiciucm ol=i[(-\V2) 

ual iomaatcinalolemicmanle(ol nm ar-|ae(=) annem oial-y-] maar-lal-mue-lella (ear) 

polygraph, as the fMRI continually tracks changes in the : 
brain. Polygraphs only measure typical stress responses and The fMRI will highlight specific areas 

link them to the chance of a subject answering untruthfully. in the brain to show increased blood flow 
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Lesa? 


DID YOU KNOW? Bite-mark analysis was used in 1954 to convict a burglar who bit ona piece of cheese during a robbery 


Polygraphs 
debunked 


sxe) NYe] =] ©) alome (=) na\oum |(=som ob’ galeressielalare 
's) ay Vase) (ele | Lore] es at] aie (=soHmcie (ep ir-kom 0) (elele mo) cciss-10 | a= 


and sweating. The key to beating them is to 

answer the control changes strangely. Your 

control answers are what the polygraph bases 

your test answers on, therefore by changing 

your blood pressure, respiratory rate andsweat ™= 

levels when telling the truth, the polygraph Polygraph tests aren’t standardised and 
iV(o) aa ol= re] 0) (= KoMe(=1i=\o1m |(stome Ul alate mual=m kaso im therefore they lack scientific validity 


Bullet trajectories 
The red and yellow line shows 
clearly the bullet’s trajectory, 
revealing how close certain 
people were to being shot. 


Victim location 

By moving around the scene, it’s 
possible to appreciate the exact 
locations of the various 
suspects, victims and witnesses. 


‘Telling lies 
increases 


blood flow 
to the brain” 
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DIY spiking test 


How to perform your own forensic analysis 
to see if your drink has been spiked 


Proving someone has had their drink spiked is notoriously 
hard to do. For many years, claims of being spiked have been 
met with scepticism, and any symptoms reported by the 
individual put down to alcohol intoxication. The problem lies in 
the fact that very little evidence is ever preserved; the drug is 
often completely metabolised by the time the victim reports 
the crime and the glass has usually been cleaned or lost. 
Similar in shape and size to a USB stick, the Personal Drink 
Identification Device, or pd.id, aims to let users test their own 
drink to see whether it contains a common date-rape drug. 
Operated simply by dipping it into a drink, it can identify 
whether your drink has been modified in some way, by 
examining the drink’s components. It then compares them to 
a preloaded database of known substances and drink 
characteristics, to see whether or not there are any anomalies 
present in the drink. 












Once the pd.id is 
submerged in the 
drink, it collects a 
small sample of 
liquid in a reservoir. 


By performing three 
tests involving light, 
current and 
temperature, the 
drink’s components 
are analysed. 









UU 







The analysis takes 
only a few 
seconds; once it’s 
complete the LED 
light will indicate 
whether the drink 
is safe to consume. 


By linking with your 
smartphone, the 
pd.id can access a 
larger database of 
drink profiles, and 
can text or call you if 
your drink is 
contaminated. 
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The majority of small ——- ae ain Rar 0) 
will act as mooring devices, allowing boat: | 
be anchored in place without needing to be = 
attached toa dock. a 
They are used throughout the rari to collet == 
data on ocean currents, climate change and the 
weather. Many weather forecasts use buoys to - 
predict weather patterns and learn more about 

the conditions in specific regions. ° o 

















oc rm ashes | cost as much as cian A00 
i ($20,000), depending on 7 


er 
colour and quality de: 





into diamonds 


How high temperatures and pressures can convert 
our bodily carbon into cremation diamonds 


nowing how to commemorate a the ashes, other than the carbon. The 
loved one’s passing is incredibly carbon is then heated for a number of 
difficult for us all, butthereisnow weekstoturnitinto graphite, which is 

a wide range ofalternativestotraditional thenpressed witha metal catalyst anda 


burial or cremation. An alternative to diamond-seed crystal. This step requires 
sending your relatives’ ashes into orbit, a temperatures of around 1,371 degrees 
technique has been devised to convert Celsius (2,500 degrees Fahrenheit), along 
them into diamonds. A typical with extremely high pressures, and needs 
80-kilogram (176-pound) man produces several weeks to convert the graphite into 
enough ashes to make a 0.2-gram arough crystal. This crystal can then be 
(0.007-ounce) diamond, as our bodies are cut to specification and presented as 
18 per cent carbon. desired. The finished diamond’s colour is 
To do this, the ashes are heated to over typically yellow or orange, depending on 
2,760 degrees Celsius (5,000 degrees the amount of other trace elements within 


Fahrenheit) in a heat-proof crucible. This the original ashes. This can be changed 
works to oxidise all ofthe elements within byfurtherenhancementtechniques. © 
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Pearson is recruiting 
Examiners for GCSE 
and GCE History. 


We have exciting opportunities for History 
teachers to: 


¢ Get closer to the qualification you are teaching 
* Gain insight on National Standards 
¢ Grow your career 





To find out more about the role and apply please see the link below for our Examiner vacancies: 
www.edexcel.com/aa-recruitment 


Contact information: aaresourcing@pearson.com 


ALWAYS LEARNING PEARSON 


SCIENCE MEETS BEAUTY 


Presenting Powerbal!. The fastest 
alelamaatedce) aii-te mel-\\4(a-meolaM-y-lan0 


maak=Jave)ant=lat-] meh acesvere) 0) (om (0) ce1=so0 


= 23,000rpm top speed e 
NSD POW et 


Hz METAL GyrRose 
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that will make you go “wow!” the first time 
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Shop Powerbaills.e6m and use HIVWV/20 for a 20% discount 



































The art installation in the 


Seed Vault 


Welcome to the Swiss bank of the agricultural world 


eep within the Arctic Circle, on the frozen 

island of Spitsbergen in the Norwegian 

Svalbard archipelago, is a giant vault. It’s 
something you'd half expect to findin a Bond 
movie: set 120 metres (394 feet) inside a mountain, 
it’s the site of an old coal mine and boasts some 
formidable security features that include reinforced 
concrete walls, dual blast-proof doors, motion 
sensors and airlocks. The island’s remote location, 
just 1,300 kilometres (808 miles) from the North Pole, 
its inhospitable climate and treacherous terrain 
make monitoring human activity in the area 
relatively easy. The 1,750 banks from around the 
world, which have made hundreds of thousands of 
deposits to this vault, can sleep easy knowing their 
investments are secure. But this is no safe house for 
cash or gold, or a financial institution of any kind. 

The Svalbard Global Seed Vault is a giant 
repository for the world’s seed crops, an effort on 
the part of several multinational corporations and 
governments to protect future crop diversity. This 
includes the Bill and Melinda Gates Foundation 
along with a conglomerate of corporations with 
agricultural interests known as the Global Crop 
Diversity Trust, and the Ministry of Agriculture and 
Food on behalf of the Norwegian government. 
Svalbard is an ideal choice for the vault’s location 

as a kind of fail-safe, should worldwide seed banks 
fail. It’s remote, but has good infrastructure anda 
ready supply of coal to power the facility. The 
sandstone the vault is set into is low in radiation 
and stable, plus it’s very cold, so the rooms will 
remain cold even if the refrigeration units fail. © 








The entrance is the only 
part of the Svalbard 

™ Global Seed Vault that 
stands above ground 
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DID YOU KNOW? In 2005, gd 2,o00-year-old Judean date palm seed from Herad's palace in Israel was grown into a plant 
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individual seeds. 









TRE Deep inside the 
"tps, mountain 

a ee le * It’s 145.9m (478.7ft) 
sy e 2. from the entrance to 

hae iB ..- the back of the vault. 







ve 
— Vault rooms 
The three rooms inside 
the vault are around 
10m (33ft) wide, 6m 
(20ft) high and 27m 
(89ft) long each. 
















Naural Tere 
The vault is set deep into 
the sandstone of the 

mountain of Plataberget. 
























High security 
Two airlocks seal the vault 
and a security door that 
requires several keys to 
open keeps intruders out. 


Control room Refrigeration units 

Here, the temperature of Compressors cool the 

the vault is maintained and already frigid air down to a 
, the facility is monitored. constant -18°C (-0.4°F). 


Seed stacking 
Dozens of shelves in each 
room hold hundreds of 
boxes, containing 
hundreds of packets, 
containing around 500 
seeds each. 





A work of art 

Crowing the roof and entrance of the facility 
is an illuminated artwork made of mirrors, 
prisms and 200 fibre-optic cables. 


Preserving our 
food future 


Duplicate samples of seeds from national 

seed banks are stored in sealed aluminium 

bags that exclude moisture, then shelved in 

itemised containers, the contents of which 

are recorded and held on a database 

maintained by the Norwegian authorities. 

The bedrock that surrounds the vault is a 

temperature of minus-three degrees Celsius 

(27 degrees Fahrenheit), although the 

facility is kept even colder by refrigeration 

units that chill the seeds to minus-18 

degrees Celsius (minus-0.4 degrees 

Fahrenheit). The island of Spitsbergen is 

tectonically inactive and eveniftheicecaps | f "a The construction of 
melted, the site lies high enough to remain : © Vee ail tas funda 
above sea level. Under these conditions, | entirely by Norwegian | 


seeds will remain viable for hundreds or —_ ' ' authorities 
even thousands of years. 


© Alamy; Rex Features 
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DID YOU KNOW? Napoleon encouraged sugar beet crop growth after Europe's sugarcane supplies were cut off 








\ Sugar beet 


Sugarcane 
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DID YOU KNOW? One hectare [2.5 acres} of sugar beet crops can produce seven tons of sugar 
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O Glycogen 
broken down 

The hormone glucagon 

stimulates the liver to 


break down stored 
glycogen back into glucose. 





O Glucose uptake 

Insulin encourages the 
body’s cells to take in glucose 
and convert it into energy. 


Low blood 
sugar 


= 
>.» 
Lowers 
« 
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blood 
sugar 7. 
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When researchers removed sugar from rats’ diets, they showed withdrawal symptoms like anxiety and shaking 







Sugar is essential for the human body as it 
powers the cells that keep us alive. However, 
eating too much of it can also have a negative 
effect on our health. Foods with added sugar 
that does not occur naturally contain empty 
calories, meaning that they have no other 
benefit than to provide energy. If we eat more 
sugar than our energy levels require, then our 
bodies have to find something else to do with it, 
creating a whole host of problems. Excessive 
sugar consumption is one of the leading causes 
of obesity, heart disease and diabetes. 





Sugar on 
the brain 


As humans, we are programmed to love sugar. 
Our primate ancestors evolved to seek out sweet 
1Koleye (om ce) ma vat=)/aialie|aurslals)ae\aexe) alka) alm ken |aleigey-is-) 
their chance of survival when food was scarce. 

IN Koy 'e= (ete hsm Kexee mm imanle (ova Manre)aoWazy-lelI\Var-\Vf-) 1-19) (oF 
yet we still can’t get enough of the sweet stuff. 
The reason for this is all in the brain. When we 
eat sugar, the brain releases dopamine and 
serotonin, the hormones that boost your mood, 
which then stimulate the nucleus accumbens - 
the area of the brain associated with reward. This 
is a similar process that leads to drug addiction, 
which is why we get those sugar cravings. 
IRxexe]6|fe]aeciele r=] more) aicie] pal elu(e)aker-]am-] com lalalie)is 
dopamine transporters, which can lead to you 
needing to eat even more sugar to get the same 
pleasure reward as before. In addition, fructose, 
which is used to sweeten many foods and drinks, 
doesn’t suppress hunger hormones like glucose 
does, meaning your body is unable to tell when 
you’ve eaten enough. 


® ee, 
a }**.7 
oe ae 
. | 





bol ULe y=] au icw- lolol (oan hVcmmmalele(=lalalem-Mclanlit-l@aciiclae 
process in the brain to cocaine or heroin 
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Too much su 


What happens to your body when you 
overindulge your sweet tooth? 


Where 
does it go? 


The effects sugar can 
have on your health 


Keyed a Me (=\or- )\ am 
Some of the sugars we eat 
stick to our teeth and 
attract bacteria. The 
bacteria feed on these 
sugars and produce lactic 
acid that wears down the 
tooth enamel. 


Diabetes 

High blood-sugar levels 
(ore ]aer=|0Ks{om dala Wl Lele \VMKe) 
produce excess insulin, 
WAV a] (ola Morel aWel-laat-le(omuats 
pancreas and leave the 
body resistant to it. 


Liver disease 
mauloinoss\oMar- mece)anlele)ailaime) i 
sucrose, can only be 
converted to energy by the 
liver. Any excess is converted 
into liver fat, which can lead 
to liver disease. 
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immune system 
Processing sugars that 
are void of nutrients 

ole [Uliassomaleiud(=\niecmigelan 
elsewhere in the body, 
(e(=Yo)(=10] ale mycel0] mecie) 0) e) IVA) i 
vitamins and minerals. 


Heart disease 
Sugar increases 
triglyceride levels, the fat 
levels in the blood, which 
can increase the risk of 
heart disease. 





Obesity 

Excess sugar that isn’t 
converted into energy 
lato kome) of of=)/ale Bc] ke)a=\em-\omicl 
Ta dale ofele\ VAM lM aliswor- lal (=t-le| 
to further health problems. 
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A teaspoon of sugar has 16 calories — 0.64 per cent of dman's suggested daily allowance or 0.8% of GQ woman's 


Stsp 


Tomato soup 
400g serving 





(OM Wabbadcesjrorele 


FW VolUlczveMVolelaluias 
125g serving 
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How do Bunse 


Find out how its flame reaches temperatuy 


obert Bunsen invented the Bunsen 
burner in the mid-19th century asa 
means to an end. The German chemist’s oh ‘ 
work focused on emission spectra, which is the a 
bright light produced by different elements 
when they are heated in a flame. To carry out 3 
id eBEcM=>:¢ ol) @bael=Jolmolsmacrepenaclem. Malelemellsr-DaBit-bealsy 
which gave him the idea for the Bunsen burner. 
A modern Bunsen burner consists of a straight 
metal tube, measuring about 13 centimetres ~ 
(five inches) long, attached to a base stand. A 
dabbeWavlolor-yambloromconloniiaem- tox. Mex: tow elolcromere) obals Rs) 
to the bottom and supplies gas to the Bunsen. 4 
The metal collar works to adjust the amount of 
air that enters the tube by altering the size of 
the air hole at the base. By allowing air and 
therefore oxygen to mix with the gas, a hotter 4 ¢ ‘ 
Fe Walemenleyasmereyeeye)(c1comacr- lem (e)emelaeebaspmer-lUrsyearor-) 
(5) gym elo lem opuelcwitcbeelomnom elem eyaolelvla-re mm Nels 
Bunsen still has an abundance of laboratory 
applications today, including sterilisation and 
fixing cells to microscope slides. & 


The physics of foam 


Popping the mystery behind this strange substance 


oams are made up of thousands of tiny ’ or 
bubbles, and have a wider range of at 


ee Foam formation 
applications than you would expect. They Foam’s structural features <> BN rnberor procesceseai 


are used to fight fire, separate ores and How foam’s unusual physical ~~... —¥ - ~ 2, produce foam, including 
manufacture vehicles; one type has even been properties affect its appearance ‘. » (9 blending and shaking. Beer 
used to neutralise anthrax © SOU Ons By Jas HACE Non: 

Upon handling foam, its physical state is 
somewhat unclear. Although it has qualities of 
all three states of matter, typical liquid foam is 
95 per cent gas and five per cent liquid. Foams 
contain a surfactant, which prevents the 3 . 
bubbles from immediately popping, by keeping ty a AP Pe Ws ~ ieebmeeae oe 

: 8 a Te eae =e \Nhen soap bubbles meet, 

them separate and repelling water. / Ei a SS . for anadas niown 

Foam is far more rigid than you would expect, Fe, 1/4 is | as a Plateau border. 

3 ‘ ‘ ‘ F i = F ha wy _ , 
which is due to something known as jamming. Coarsening ed , \ey 
This phenomenon occurs because the foam As foams age, gravity pulls 
bubbles are incredibly tightly packed, meaning § © their liquid content downward, 
the bubbles can’t move around each other me causing larger bubbles to 
absorb the smaller ones, 

when they are compressed. The pressure which is koa Be coarsening 
within the bubbles will continue to increase as 
they are further compressed, making the foam 
appear even more solid. 

Astudy into foam optics and mechanics was 


conducted on the International Space Station wr. oe J re Light analysis 
; Surface tension ——> » =a By shining light through the 
between 2009 and 2010, looking at loam ~ Foam’s bubbles tend to nestle ~ \ - 6S 7 i = foam, it’s possible to measure 


stability and foam coarsening, along with how tightly in molecular clusters, e! the wetness, movement and 
microgravity affects a liquid’s ‘foamability’. due to surface tension. a ys ie 22e O1 tn Bubb es. 


upto1,200C ~~ 





Bunsens are typically fuelled 
with natural gas, which is 
almost pure methane, CH4 
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TECHNOLOGICALLYSU PERIOR 


- Digital t Microscopes 





Stream. Capture. Share. The professional-level Celestron TetraView LCD 
Micro Fi is a Wi-Fi enabled handheld is a touchscreen digital microscope with advanced 
digital microscope that enables you features at a reasonable price. TetraView features four 
to view the microscopic world right fully achromatic lens objectives, a fully mechanical 
on your smartphone Stage, a 4.3” TFT full colour touch screen, 5 MP CMOS 
or tablet! sensor, and a 2 GB SD card for storing your photos 
™~\ and videos. Taking high-resolution images and video 
of specimen slides has never 
been easier. 


TT reorgd Fr 


Handheld 
Pro 5MP 








Available 
_ ox Ld App Store Store 
Celestron Microscopes ) ‘ Easy to use, low-power 
are available from mi croscope with 
01502 725205 a large 5.0 MP 
and specialist dealers nationwide sensor and stand. 





Celestron is distributed in the UK and Ireland by David Hinds Ltd. Dealer enquiries welcomed. 
David Hinds Ltd. Unit R, Cherrycourt Way, Leighton Buzzard, Bedfordshire LU7 4UH 


Celestron® and TetraView™ are registered trademarks or trademarks of Celestron Acquisition, LLC in the United States and in 
dozens of other countries around the world. All rights reserved. Samsung is a registered trademark of Samsung Electronics Co., Ltd. [ Ni an 
AppStore is a registered trademark of Apple Inc. Google Play is a registered trademark of Google Inc. r oO r 


Vacuuming will never 
be the same again. 


iRobot Roomba® 
Vacuum Cleaning Robots 


IRobot has been building robots that 

make a difference in people’s lives for 23 
years, selling more than 10 million robots 
worldwide, with Roomba leading the way. 


Roomba vacuums dirt, dust and pet hair 
from all tyoes of floors for you, cleaning 
around, behind and under your furniture. 


The new Roomba® 800 Series, powered 
by revolutionary AeroForce™ Technology, 
replaces conventional vacuum brushes 
with a powerful brushless system to give 
you greater cleaning performance. 

So you spend less time cleaning, 

and more time living. 





| | - : : bie 
iRobot 
JohnLewis LAKELAND Currys@ www.irobot.com 


ie Po aig 
i) Robert Dyas SELFRIDGES: es thanneds 22014 Robot Gomortion. All rights reeservecL iRobot and Roomba.are register trademarks of iRonet Gorporason. 





Available at 


























The science of singing 


How do some people manage to hit all the right notes? 


rom belting out ballads like Mariah Carey — — 

to crooning along to Frank Sinatra, | 

singing is an ability we all possess. We 
may not all be talented enough to reach the top 
of the charts, but we can all produce some sort 
of tune, which all stems from a clever little 

















organ in the neck. ro VAlharo joes “ \ 2 
Also known as the voice box, the ——_ wee re c 4 ‘ a 
larynxisyour own complexmusical A WOICe Come rom? » \ 
a 2 W 
j | OUI 5 a 
; a0 
| 7 


instrument. It contains vocal folds, The mechanisms that enable you to produce 
SA | 
ns “ae « ae 7 













better known as vocal cords, 
which vibrate to produce your Sound waves ‘ 








































voice, but the type of sound The vibrating vocal folds ™ 
created depends on a number i modulate the flow of air from 
| ) the lungs, which travels out 
of factors. = through the mouth to be 
The amount ofairforcedout | interpreted as sound by the ears. 


of the lungs controls the 
volume, so a greater exhale of 
breath will generatealouder | , ita 
sound, while the pitch is ™ 
determined by how fast your 
vocal folds vibrate. A slower 
vibration will produce a lower 
note and a faster vibration will 
produce a higher note. It worksina 

similar way to the strings ona 

guitar, with the speed of the vibration 

influenced by the physical 

characteristics of the strings. For | 

example, the thicker and longer the guitar ' . 
strings, the slower they vibrate when \ =_— 
plucked, thus producing a low-pitched note. Y 
Similarly, the thicker or longer your vocal folds, 


the lower the sound they’ll produce when | Oe 3. | 
vibrating. This is why men, who typically have | * Aa, 
thicker and longer vocal folds than women, also 2 | 
have deeper voices. \ A —.f 


While you may not have control over the size 
of your vocal folds, you can control their 
tightness, and this also affects pitch. Muscles in 
your larynx create tension on your vocal folds, 
and can tighten them so they vibrate faster 
and produce a higher note or loosen them to 
vibrate slower and produce a lower note. 
Learning how to control these muscles, and 
therefore your pitch, is just one step to 
becoming a better singer. © 


a 


Sounding words 
The vibrations are formed 
into words, or lyrics, by 
movements of the tongue, 
cheeks and lips. 

d 
Rush of air 
When air is expelled from 
the lungs it rushes up the 
trachea to the larynx, or 
voice box, which contains 
the vocal folds. 
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Singing causes the brain to release pleasure-inducing endorphins and the stress-relieving hormone oxytocin 


Why are some people Fe cine 


= singing voice is all 


naturally good at singing? [ae 





by 
No matter how much practice youhaveor the voice. This is what creates the ~~ ? 
how good your vocal coach is, there’s no distinctive nasal tone of some country 
guarantee that you'll be able to win music stars and the more breathy voice of 
Eurovision. The fact is some people are Marilyn Monroe, for example. You may 
just born with a naturally great singing not be able to control the natural tone of 
voice. The shape and size of their vocal your voice, but you can adjust the style by 
folds plays a partin this, but so does the making use of particular resonance 
measurements of their mouth, throat chambers in your body. For example, if 
and nasal cavities. These are the body’s you want your voice to have an airy 
natural resonators, meaning they can quality, try directing the vibrations 
help enhance the tone and intensity of toward the back of your mouth. 
Speaking and singing 


With a bit of 
practice every day, 
Va\vce) als er-] am elsvore) pal= 
me loxele mii ale [=a 


When you speak or sing, the muscles in 
your larynx cause the vocal folds to close. 


a 





Vocal folds 
When a burst of air forces the vocal folds 
open, the pressure behind them 
decreases, causing them to close again. 


Breathing 
When you breathe, the vocal folds open 
up to let the air in and out unobstructed. 





Air pressure 
As the air pressure builds up again behind the 
folds, they reopen. This process repeats several 
times a second to vibrate the vocal folds. 





© Science Photo Library 
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How wrinkles form 


Discover how the body’s largest organ loses its scienatit over time 


rinkles are an inevitable part of the 
natural ageing process. There are two 
different types of wrinkles; dynamic 
wrinkles, which develop due to repeated 
muscle movements, such as smile lines around 
the mouth, and static wrinkles caused by 
environmental factors, lifestyle habits and the 
ageing process. Static wrinkles are visible even 
when your face is at rest and often deepen over 
time. They are caused by a loss of skin elasticity, 
fat and collagen. 

The skin itself is made up of three layers. The 
epidermis layer on the surface is made up of 
dead skin cells and protects the body from 
outside elements such as water and sunlight. 
Beneath this layer is the dermis, which is 
responsible for the skin’s strength and 
elasticity, as it’s rich in collagen and elastin 
fibres. The base layer, known as the 
hypodermis, is where fat cells that give the skin 
its plump youthful appearance reside. 

Over time, wrinkles will start to form on both 
the epidermis and dermis layers. As we age, our 
skin cells take longer to divide, which means 
the skin repairs at a much slower rate than 
when it’s young. As a result of this, the dermis 
layer will begin to thin out, and fine lines start 
to form on the epidermis due to a loss of 
moisture. Eventually, collagen and elastin will 
break down in the dermis layer, which reduces 
support so the skin is unable to ping back as 
quickly when stretched. Fat will also begin to 
deplete in the hypodermis layer, causing the 
skin to sag and appear much less plump. @ 





The ageing process 


A closer look at how wrinkles form in the skin 


Younger skin 


Holding moisture | 
Youthful skin is softer 
and smoother as it holds 
much more moisture in 
the epidermis layer than 
older skin. 









Dermis layer 
The dermis layer 
provides support and 
gives skin its elasticity as 
it’s packed full of elastin 
fibres and collagen. 


Plump appearance — 
Fat cells are stored in the 
hypodermis layer and are 
responsible for plumping 
up younger skin. 
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elasticity in 
the skin 





What causes wrinkles? 


The beauty industry makes millions 
of pounds every year with products 
that promise to slow down the 

FeYe=) [arom )gelerssssowr-] ale m\s-] ale] el ialellasvele ha 
visible lines and wrinkles. 
Ulaixeyauelar-1K=)\AMialald(otomel ae 


unavoidable as we age, but their 

fo (=\V=) (0) 0) gal=)al mer-] am eX= Moi (e)"i"(21e MRO mcte)aal= 
extent with a few preventative 
measures. Exposure to sunlight is in 
fact most detrimental to your skin, 
as ultraviolet rays can break down 
fore) | Fele(=lam-lalem=lr-Ksiula mile) acim amuals 


dermis layer, which leads to the skin 
Kos=}aleMiacmciag=)aleldale|a(em=)l-lo1a (elim) Aste) 
keeping your skin suitably covered 
and protected with a high-factor sun 
cream will help to protect it from 
aelaanviel MOA ma-lelt-lule)ar 

Genetic factors, stress and 
repeated facial expressions can also 
play a part in how quickly wrinkles 
ike) danPMlvall(cmelixe aliarem ey-lom al-|e)iacmcie len 
as smoking, which reduces blood 
supply to the skin, will also help delay 
the onset of fine lines and wrinkles. 





Older skin 


Deep wrinkles 
Fine lines start to develop 
due to a lack of moisture 
before eventually 
deepening as the dermis 
layer weakens. 



















Less collagen 
and elastin 

Over time, collagen and 
elastin fibres diminish in 
the dermis layer, which 
lessens support for the 
epidermis, causing skin 
to wrinkle. 
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As we age, skin will start 
to sag as fat depletes in 
the hypodermis layer. 
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How to check your pulse 


See whether you have a 
regular or irregular heart rate 


hecking your own pulse is a good way 

to keep track of your heart rate. 

Monitoring it while you're resting is 
the best way to get an accurate reading, as 
rhythm can increase at different times during 
the day, especially when you're exercising. 

It’s possible to check your radial pulse on 

your wrist or on your neck. This is because 
arteries pass close to the skin in these areas. To 
take your wrist pulse, simply turn over one of 
your hands so that the palm is facing up. Now 
place the index and middle finger from your 
other hand below the crease of the wrist, in line 
with the base of your thumb and next to the 
tendon. Use gentle pressure and feel carefully 
for a beating pulse. If you’re checking your ; 
pulse in your neck, place the same two fingers Lig dl abet i. 
just below the jawline next to your windpipe. feel for your pulse and 


Once you've located your pulse, use the reposition your fingers 
if necessary. 











Beats per minute 
Count the number of beats 
per minute using the second 
hand on a watch. The 
average resting heart rate is 
between 60-100bpm. 








second hand on a watch to count the number of Finger position 

beats per minute. A normal resting heart rate Place your index and te 

f Adipenoulat a b middle finger just below _~™ * 
or an adult should be around 60 to 100 beats aaa tetra co anaes Be 

per minute. © of the thumb. _o 
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The lens inside g human eye has to change shape in order to focus on objects up close or further qway 


Underwater vision 


Learn why refracting light is essential to seeing underwater 
p Me 


uman eyes are not designed to focus ' 

well underwater, which is why objects 

appear blurry below the waves. On 
land, our eyes rely on refraction in order to 
focus correctly. You can observe refraction by 
placing astraw ina glass of water; from the 
surface it will appear to bend. This is because 
light travels ina straight line througha 
consistently dense medium, but when it passes 
between the air anda medium of different 
density, such as water, it bends or refracts at the 
boundary between the two, before continuing 
to travel on a straight path. 

The lens in a human eye works ina similar 
way, as refraction occurs when light travelling 
through the air passes into the cornea at the 
front, which has a much higher density. Unlike 
the flat surface of water, however, which bends 
all light rays in the same direction, the eye lens 
is curved, which means light is bent at different 
angles in order to create a focused image on the 
retina at the back. Human eyes can’t focus 
properly underwater because of this, as light 
rays travelling through the water are barely 
bent when they pass through the cornea and 
inside lens. This is why goggles give youa 
clearer view, as you're placing a boundary of air 
between the water and your eyes, enabling 


=, 


refraction to occur. © 


How humans see 


Take a closer look at how the human eye creates an image on land and underwater 


Retina 
The focused light forms 
a complete picture of 
the scene on the 

retina at the back y 
of the eye. i 


Light rays 

Light travels ina 
straight line through 
the air before passing , 
through the cornea. 


Cornea 

Once light reaches the 
cornea it is refracted 
and bent, as the cornea 
is denser than air. 











Focusing 
In water, the internal lens will 
refract the light slightly, but not 


a og 
P an. 
=— = 


Human eyes need to 
aeli@-\oum|(ejalenlame)qe(=) anne 
focus, which is why the 
underwater world appears 
blurry without goggles 


enough to create a clear . Underwater 
Internal lens focused image on the retina. light rays 
The lens inside the eye As the density of 
refracts the light further water is similar to 
and then focuses it to help the density of the s 
create a sharp image on cornea, light rays 
the retina. that enter the eye 
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refract at amuch 
smaller angle. 
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VTOL dron 





From the humble helicopters of yesterday, 
to the robotic drones of tomorrow: vertical 
lift technology is on the rise 


Imost as far back as humans have been 

dreaming of inventions for flight, they 

have been envisioning craft capable of 
vertical takeoff and landing (VTOL). Leonardo 
da Vinci is responsible for some of the earliest 
designs for today’s most common VTOL aircraft 
— the helicopter. It may have only been an 
untested imagining of a flying machine that 
never got off the ground, but this so-called 
‘aerial screw’ harnessed the essential 
principles of lift through air compression - 
utilising a corkscrew design. 

Though scores of inventors and pioneers 
attempted to take to the skies in their own 
prototypes, over the following five hundred 
years not much further progress in VTOL 
flight was made. However, though the 
gyrocopter design was left well behind, the 
Italian genius’s principles of flight in essence 
remained much the same. 

The beginning of the 20th century saw the 
age of flight dawn, and by 1907 some of the 
first-ever successful VTOL tests took place in 
France. Aviation pioneers Jacques and Louis 
Breguet, as well as Paul Cornu, had developed 


VTOL craft capable of hovering some feet off the 
ground fora short length of time - the first baby 
steps of vertical flight. 

The following decades saw aviation 
technology race skyward, with designs 
popping up all over the globe. Though the Great 
War saw a huge demand for newer, faster and 
more-efficient aircraft to fight the enemy, 
helicopter designs were largely ignored until 
the 1940s and the Second World War. Nazi 
Germany used some early helicopters for 
reconnaissance, transportation and medical 
evacuation, but it wasn’t until 1944 that the first 
mass-produced helicopter was revealed. 

Hundreds of engineer Igor Sikorsky’s R-4, R-5 
and R-6 helicopter models were built during the 
final year of WWII to aid the Allies, and by the 
end of the war the VTOL craft was quickly 
gaining acclaim. Unlike da Vinci's gyrocopter 
design, this modern helicopter used rotor- 
blades to rapidly compress air downwards to 
create the necessary lift, and a tail rotor-blade 
to prevent the aircraft spinning. 

As the world cooled into the threatening Cold 
War, it was the opinion of many that VTOL craft 
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Variable propellers 
The GL-10 is able to alter 
its pitch by manoeuvring 
just two of its props, at 
each end of its wing. 


Battery housing 
The dual batteries are kept in 
the tail, which also supports 
two fixed pitch propellers to 
maintain the craft’s balance. 









NASA’s VTOL 
drone takes flight 


NASA’s hybrid-electric craft, dubbed Greased 
Lightning GL-10, may only have a three-metre 
(ten-foot) wingspan, but it has already shown 
promise for stretching VTOL technology much 
further. Its ten distinctive propellers provide 
maximum lift efficiency while travelling vertically, 
before both wing and tail panels tilt to transfer 
GL-10 to horizontal flight. Only two propellers do all 
the work at this point, to save energy, while the 
rest fold back aerodynamically. 

It’s the combination of biofuel and electric power 
that gives the craft its nickname - the grease of 
the fuel and the lightning of the batteries. The 
hybrid design of the engine means it’s far less 
cumbersome than a standard jet or combustion 
engine, enabling not only a sleeker design but also 
far less wasted energy. 

While the GL-10 prototype is obviously far too 
small for transporting any significant payload, 
NASA has revealed its GL-10 represents a 
‘scale-free’ design, meaning the weights and 
measures of Greased Lightning could work in much 
larger sizes. This means that craft similar to GL-10 
may become more and more common if further 
tests are successful. 
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Because the Osprey derives its thrust from its twin tilt rotors, it isn’t considered either a plane or a helicopter 









Fixed pitch 
propellers 
The six central fixed pitch 
propellers are folded while 
the aircraft is in flight. 


IN VeNSY- Usa Cl aat- Kieron Mfelaldaliare| 
GL-10 prototype uses a 
fore)gale)iat-lule)ame) me) (ei0(-)| 
and electric power 


Payload 

When full-scale prototypes 
are developed, it is 
envisioned that payloads 
could be kept within the 
craft’s nose. 





Lightning electric 
Two diesel engines drive 
electric alternators to 
power the aircraft, giving 
a combined total of 

16 horsepower. 














Greasy fuel 
The engines are able to run 
off organic fuel similar to 
fryer oil, kept here in the 
centre of the craft. 

















© NASA; Thinkstock 
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ARES can use landing zones half the size 
Unmanned VTOL typ needed by sina sae 


helicopters, enabling it to land aboard ships 





goes to war 


How DARPA’s Aerial Reconfigurable Embedded System 
(ARES) could change the face of frontline combat 


In a bid to overcome the problem of transporting supplies 
across difficult and often dangerous battlefield terrains, DARPA 
has turned to unmanned VTOL drones. The ARES design is 
capable of carrying a range of payloads; from supplies, to 
reconnaissance equipment, to evacuated casualties. 

An onboard computer will be capable of selecting optimal 
routes from its home base to the troops in the field. It will even 
be able to select a landing zone completely by itself, providing 
quick and invaluable support to troops on the ground. 

















Individual engine 
Each engine powers one of the 
twin tilting ducted fans. They VTOL flight 
Spe[semeaih SC eMelbee o's The VTOL flight module will 
ARES to cruise at high speeds. enable ARES-to-“ransition 
from quick horizontal flight, 
Separate flight module to hovering, to a vertical 
The VTOL flight module is entirely landing, all remotely. 
self-contained and separate from 
the mission module. 











Unmanned control 
The unmanned aerial 
system command-and- 
control interfaces enables 
remote flight and potential 
for autonomous control. 





Detachable payload 
The detachable payload 
module can weigh up to 
around 1,361kg (3,00O0lb) 
and could be used to 
transport supplies, house 
reconnaissance equipment 
or even evacuate troops. 
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The VTOL X-Plane program has an estimated budget of £84 million ($130 million) and a time frame of 52 months 
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The US military can adapt the 
i=] aYCea(om ue) nal-\e|(ore] Ea\Vécle Fle lelamelallace 
cargo pods, a tactical ground 
vehiclerahd more 


Twin fans 

These fans take up far less 
room than conventional 
helicopter blades and can 
tilt while in flight to provide 
vertical or horizontal thrust 
as required. 





Small wingspan 

With a much smaller overall size, 
the landing zone area 

ARES needs will be much smaller 
than that of most helicopters. 





DARPA’s VTOL X-Plane 
will be able to provide 
quick and invaluable 
support for troops on 
the ground 


Autonomous flight 
With further development 
it’s hoped that ARES will be 
able to fly and land all by 
itself, using sensors to 
select optimal routes and 
landing locations. 


















would be the future. In a world potentially 
ravaged by nuclear blasts, obliterating any 
obliging runways, it was thought a craft with 
the ability to take off and land anywhere would 
rule the skies. In time, bizarre VTOL aircraft 
such as the Lockheed XFV Salmon - an 
experimental fighter - and even the flying 
saucer-inspired Avrocar were tested by the US 
military, but most failed and were 
discontinued. Among the only VTOL aircraft to 
make it out of the Cold War with flying colours 
was the BAE Sea Harrier. 

Also known as the Harrier Jump Jet, this 
plane was the first successful VTOL jet aircraft. 
Four vectoring nozzles direct the jet’s engine 
thrust anywhere within a 90-degree radius, 
enabling the plane to fly across vertical and 
horizontal paths, transitioning in mid-air and 
even hovering. 

The Harrier’s VTOL ability was ideal for 
working on aircraft carriers — the floating 
fortresses of the waves. Its Rolls-Royce turbo 
fan engine, coupled with unparalleled 
flexibility and the latest weapons arsenal, made 
the jet a formidable opponent. 

One other vehicle to emerge from the Cold 
War was the V-22 Osprey. Developed by Bell and 
Boeing, this vertical-lift transport aircraft is 
packed with twin tilting rotors capable of both 
hovering and landing like any helicopter, or 
transitioning to fly like a turboprop airplane. 

With a range of over 400 nautical miles (740 
kilometres/460 miles) and the ability to rapidly 
transport over 30 troops, the Osprey serves the 
US Marine Corps in key insertion and extraction 
missions. It even has the ability to fold its 
25-metre (82-foot) wingspan away, condensing 
down to just its 5.6-metre (18-foot) -wide 
fuselage. This makes it invaluable for storage on 
aircraft carriers. 

With each new generation come fresh 
challenges for engineers to overcome. Today’s 
military minds face the problems of producing 
aircraft that are not only cost-effective and 
incredibly flexible, but also smart. Into the 
future, contractors and state defence ministries 
are increasingly turning towards VTOL 
technology for use with military drones. 

While the computer power behind these 
machines may be cutting-edge, the physics 
lifting them into the air and setting them safely 
back on the ground remain the same. 

Either by remote operation or autonomous 
flight, VTOL drones will be capable of 
performing a range of transport, 
reconnaissance, or even offensive missions. 
We've shown you a few exciting visions - 
from the best and brightest in the aviation 
industry - set to launch VTOL technology into 
the next generation. & 


© DARPA 
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Twin-clutch 
gearboxes explained 








They are a common feature in today’s supercars and here’s why 


s supercars get faster and faster, with 

0-100-kilometre (o-62-mile)-per-hour 

times of less than three seconds, 
manufacturers are now looking at ways of 
making gains for their cars to cover even more 
ground in even less time. An area that has been 
developed a lot in supercars in recent years are 
gearboxes, where a lightning-quick gear 
change is absolutely essential if the car is to 
maintain linear power delivery when 
accelerating to 100 kilometres (62 miles) per 
hour and far beyond. 

To provide this super-quick shift, 
manufactures such as Porsche, Audi and 
Lamborghini have produced a complex yet 
exquisite ‘double-clutch’ semi-automatic 
gearbox that substantially reduces the time it 
takes to shift up or down a gear. This technology 
works by effectively splitting the gearbox in 
two, witha concentrically mounted clutch on 
the end of two separate input shafts. The odd 
gears are on one shaft and the even gears are on 
the other. When a new gear is selected, the 
supercar’s on-board computer preselects the 
next gear needed on the other shaft according 
to driving style and conditions, so when itis 
time to change gear, the cog in question takes 
mere milliseconds to engage with the 
drivetrain, making sure that mighty power 
from the engine is fed to the wheels as 
efficiently and quickly as possible. @ 


low It Works 


Inside a twin-clutch gearbox 


Here’s how a twin-clutch gearbox works 
in a semi-automatic Porsche 911 


Even gears 

When the gear change 
happens, the clutches are 
quickly swapped and the 
new gear is called into 
action - all in the space of... 
100 milliseconds. of 
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Drivetrain Input and output Clutches 
Power is transferred shafts These concentrically mounted 
through the Each shaft is connected wet clutches are connected to 


gearbox and on to 
the car’s drivetrain 
components, which 
turns the wheels of 
the car, propelling it 
along the road. 


to a set of gears. The 
odd gears are 
connected to the outer 
shaft, and the even 
gears are connected to 
the inner shaft. 


two separate input shafts, one 
for the solid inner shaft and 
one for the hollow outer shaft. 
These are quickly engaged or 
disengaged according to what 
gears are needed. 








Odd gears 
While these are engaged, 
the car’s ECU preselects 
the next gear on the 
alternative shaft. 
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IN THE PHOTO: 
Camping underneath the Aurora Borealis, 
Iceland. Captured by Tim Nunn. 
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Behind the wheel of 








the Porsche 919 Hybrid 


Examine the vehicle Porsche has tasked with winning the 2015 Le Mans title 


he 24 Hours of Le Mans is the oldest 

active endurance race in the world. It 

has been held every year since the 
inaugural race in 1923 and is often referred to as 
the ‘Grand Prix of Endurance and Efficiency’. 
Keeping a car running for 24 hours isno mean 
feat; excellent fuel, tyre and braking efficiency 
is amustif you want to stay out of the pit lane. 
The race is also very demanding for the drivers. 
They form part ofa team of three, often driving 
for two hours at a time, which challenges them 
both physically and mentally. During the 24 
hours, the competitors will typically cover 
distances of over 5,000 kilometres (3,107 miles). 
The record distance of 5,410.71 kilometres 
(3,362.06 miles) was set in 2010, which is the 
equivalent of completing a Formula One race 18 
times back to back. 

Porsche is the most successful manufacturer 
in the history of Le Mans. It’s been the overall 
winner 16 times, however recent dominance by 
Audi, who has won 13 of the last 15 Le Mans, has 
left Porsche looking to rediscover its winning 
formula. This is why it’s redesigned the 919 
Hybrid, which is, according to Porsche, 85 to 90 
per cent brand new compared to the 2014 
version. The 2015 Porsche 919 Hybrid has been 
thoroughly tested, clocking an impressive 
26,675 kilometres (16,575 miles) on four different 
race tracks. It features a vastly improved engine 
system; the electric motor’s performance has 
been increased bya third, meaning the 919 
Hybrid will race in the eight-megajoule 
category for the first time this year. Having 
become lighter, more robust and easier to 
handle, designers hope the new 919 Hybrid’s 
improved efficiency will lead Porsche to their 
17th Le Mans title. © 


= There will be three 919 Hybrids 
igcloalalemiamanlas\-ellais)qclalmere) (el0) a—) 
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Under the hood 


See how the Porsche 919 has been engineered 
for outstanding efficiency and endurance 


Protective cockpit 
The new 919 Hybrid has a 
more spacious cockpit, 
strengthened with side 
panels made from 
monocoque, a material 
similar to bulletproof vests. 


Front axle motor 
The car’s 400-horsepower 
(298-kilowatt) electric 
motor is located on the 
front axle. It charges the 
battery by recuperating 
energy during braking. 
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In 1950, Edward “Eddie” Hall became the first solo driver to complete Le Mans 





Aerodynamic 
bodywork 

The 919 Hybrid benefits 
from a low, wedge-shaped 
body, along with a central 
vertical stabiliser. This cuts 
drag and improves its 
aerodynamic qualities. 
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Improved braking 
system 

Efficient braking is of 
paramount importance, 
which is why the 919 
Carbon fibre Hybrid has a hydraulic, 


chassis dual-circuit brake system, 
The carbon fibre chassis with carbon fibre rear and 
provides a strong, front brake discs. 
lightweight and stiff 


Lithium-ion battery 
The liquid-cooled, 
lithium-ion battery 
temporarily stores 
converted braking energy 
from front axle braking, 
along with the converted 
exhaust-gas energy. 


structure, perfect for all 
types of racing. 
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How seat belts 


keep you safe 


Here’s how a safety belt works to 
protect you in the event ofa collision 


“ 


The belt 

Made of polyester 

webbing, this is Belt fastener 

tough and durable, The clip at the end of the 


belt is secured into the 
fastener, which is attached 
at the bottom of the seat 
and holds the belt in place. 


yet smooth to 
touch - crucial, as 
it is strapped over 
the torso. 





keeping you safe 












Retractor ie 


Attached either to the seat, adjacent 
to the fastener, or holed in a car’s B 
pillar, the belt runs through this 
mechanism that reacts in an accident. 


The art of emergency 
vehicle lighting 





Everybody recognises the blue flashing lights used by the 
emergency services, but do you know how they work? 


ixed to the top of police, fire and 

ambulance service vehicles, flashing blue 

lights are deployed in the event of an 
emergency. Their bright flashes grab the 
attention of other road users from a distance, 
allowing them to take evasive steps in good 
time to make sure the emergency vehicle can 
pass through safely and quickly, even in heavy 
traffic, which is crucial when responding to an 
emergency call. 

Although brighter, more efficient blue LED 

lights are now commonplace on police cars, 
ambulances and fire engines, the old-fashioned 
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method of using a see-through unit witha 
single light bulb inside has long been a trusted 
ally of the emergency services — and its magicis 
in the illusion it creates. 

Of course, bulbs can’t keep flashing on and 
off for long periods or they'll blow, so the 
illusion is created by a rotating base witha 
vertical reflector affixed to it, moving arounda 
fixed light bulb. The reflector redirects light 
outward from one side, while blocking the light 
out to the other. When the base is rotated fast, 
this creates the ‘on-off’ illusion ofa flashing 
blue light atop an emergency vehicle. & 


Seat belts are simple to 
use, relatively comfortable 
and extremely effective at 








Reflector 

This bounces light in many 
directions on one side and 
blocks it from the other. 





Light base 

The base of the light 
rotates continuously 
when in operation, 
moving the reflector 
around the bulb. 
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plastic lantern. 


Bulb 
The white bulb is fixed to 
the roof of the see-through 


Lantern 

Believe it or not, the bulb 
isn’t blue. It’s white, and 
the lantern is coloured in 
order to produce the 
bright blue light. 


© Thinkstock 





We step inside the milk machine to find 
out how a modern dairy farm works 


hen you pick up a pint of milk from 

the shop, you probably don’t consider 

how it got there. Of course, we all 
know that milk comes from cows, but what 
about the hard work that goes into raising, 
feeding and milking them? How It Works went 
to visit Knaveswell Farm in the beautiful Dorset 
countryside, to find out how a dairy farm is run 
and lend a helping hand in the milking shed. 

Dairy production has come a long way since 

the days of milking by hand. These days, 
machines are used to help the farmer milk 
several cows at once. This speeds up the 
milking process to produce an average of 15,837 
pints (9,000 litres/2,377 gallons) from each cow 
per year. 
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Usually some manual labour is still required, 
as the farmer has to clean the cow’s udders and 
attach the teat cups for milking. However, some 
farms now have fully-automated systems that 
use laser-guided robotic arms to do this 
unaided. Some can even send milking updates 
to the farmer’s smartphone, so they never even 
have to set foot in the milking shed. 

Most farmers don’t have it so easy though, 
and during our visit we found out first hand 
about the long and demanding daily routine of 
feeding and milking required. Then, at the end 
of each day, the milk is collected from the farm 
and distributed around the country to be 
bottled and sold, or used to make other 
products such as ice cream and butter. 


“Dairy jproduction 
has Gome along 
yoy since the days. 
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It’s not just milk that is produced ona dairy 
farm, though. Male cows are reared for their 
meat to provide the farmer with an extra source 
of income, and crops are grown asa source of 
food for the livestock. An organic farm will stick 
to using natural fertilisers, such as the cows’ 
dung, and nothing else to nourish the crops, 
while a conventional farm might use pesticides 
and artificial fertilisers to aid growth. 

Over the next few pages, you'll discover what 
a day in the life of a farmer is really like, andthe 
technology they use in a modern milking shed. 
Running a dairy farm is certainly time- 
consuming and labour-intensive, so next time 
you pour milk on your cereal, spare a thought 
for the cow and dairy farmer that gotit there. @ 
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In the UK people buy enough dairy products each year to fill nearly 4,500 Olympic-size swimming pools 
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il any damage 


OA newborn calf 
_ typically weighs 
{ etween 40 and 50 


llograms (18 and 23 
i oXeeTaTelsy) 
. 
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A farmer’s day 


The demanding routine of a dairy farmer 


12:00pm - 
The farmer 
checks the 
health of the 
herd and then 
manages the 
crops and 
food stocks. 


11:00am —— {/ | 


Any dung i 
produced by the 
cows indoors is 
cleared out and 
spread on the 
fields as fertiliser. 


QuUABTE 


8:00am 
After milking, the 
cows are fed. In 
summer they graze 
on grass outside and 
in winter they are 
fed silage indoors. 
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Calves usually have their horns 
removed to prevent them from 


- The typical retirement 
Gie-le(-ielar-el-]/avaee) aS 
four to five years old 













4:00pm 
The milking a 
_ process begins sg 
again. A typical 
dairy cow will 
produce 30 litres 4 
(eight gallons) of 
milk per day. 


5:00am 

The farmer herds 
up the cows ready 
to be milked. 
Milking can take 
onetothree hours, ¥ 
depending onthe 
size of the herd. 





6:00pm 

The herd is fed again, 
then beds down in the 
barn during winter, or 
goes back into the 
fields during summer. 
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The milking 
process 


Take a look inside a modern milking shed 


When it’s time to be milked, the cows assemble 
outside the shed and enter one by one on either 
side. Once they are standing at a milking station, 
the farmer cleans their udders and extracts some 
milk to check that it is free of blood and other 
impurities. Next, the cluster of teat cups is 
attached, and the cowis left to be milked. It can 
take a couple of minutes for pulsating air to 
squeeze out all the milk, then when no moreis 
left, the suction stops and the teat cups 
automatically detach. As the cow’s teats takea 
further 30 minutes to close up again, an iodine 
dip is applied to prevent infections. Then the rest 
of the milking equipment is thoroughly cleaned 
and sterilised too. 

Ifa cowis sick, their milk is kept separate 
from the rest and either thrown away or fed to 
the other animals on the farm. Nevertheless, 
the milkin the bulk tank is still tested each 
time it is collected, to make sure there are no 
antibiotics or other impurities present. If there 
are, then the entire supply must be thrown 
away as it is unfit for human consumption. 


Milk machine 


The tech that milks the cows so 
the farmer doesn’t have to 


Vacuum tank 
The vacuum level is 
monitored and more 
air can be let into 
the system if it gets 
too high. 


Cooler 
Fresh from the cow, 
the milk is about 
30°C to 40°C (86°F 
to 101°F), but cold 

water running 
through the cooler 
reduces this to 
20°C (68°F). 





A display helps the 

farmer keep track of 
how much milk each 
cow produces. | 







A typical bulk tank 
can hold 4.5 litres (1.2 
gallons) of milk and is 
collected daily. 


Bulk tank 

All of the milk is finally 
distributed into a large 
refrigerated tank, which 
keeps it below 6°C (42.8°F). 


Vacuum pump 
A pump removes 
any air from the 
system, creating a 
vacuum throughout. 
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Modern milking is muth quicker 
e-Tale -y-1-)(-1 nar-laM ante Lalor] me atciaalerels 


| \, The milk is drawn 





Manage your own 
virtual farm on 
Farming Simulator 15, 
available on 
PlayStation 4, Xbox 
One, PlayStation 3, 
Xbox 360 and PC. Visit 
www.farming- 
simulator.com for 
more information. 
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PULSATOR 
























Pulsator 
a _ Four teat 
Air is pulsated 
cups attached 
; through the teat cups 4 cluctar 
Filter at a rate of about 60 
are used to 


The milk passes 
through a filter 
to remove any 
dirt or mud 
carried from the 

cow’s udders. 4 


times per minute. 





_ milk the cows 


+ i= 7 * 





Milk flow 


When exposed to 
the vacuum, the 
lining within the 
teat cup is released 
and the milk flows. 
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Stimulation 
When air is forced in, 

the lining within each 

cup closes around the 
teat to stimulate it. 










Milk pipeline 






through the cluster 
and along the milk 
pipeline because of 
the vacuum. 
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The natural yellow colour of butter comes from the pigment beta-carotene found in the grass cows eat 


Feeding time 


The typical diet of a dairy cow 


In addition to raising and milking the cows, the 
farmer also has to grow their food. Many farms 
have hundreds ofacres of land for growing feed 
crops, and the most important of these for a dairy 
farm is grass. During the summer months, the 
cows feed themselves by grazing on fresh grass in 
the fields, but in the winter when they are kept 
indoors, they have to get their grass another way. 

Twice a year, surplus grass is cutand placedina 
large heap called a clamp. The clamp is then 
compressed to remove any air and covered so that 
the grass is left to pickle and become damp silage 
that can be stored for winter. 

The tropical crop forage maize is also grown 


What’s for dinner? 


The main components of a cow’s diet 


Fodder beet - 
Closely related to sugar 
beet, this sweet- 
tasting root plant is 
rich in carbohydrates 
so acts as a great 
source of energy. 


Maize 

Forage maize is high 
in starch for extra 
energy and adds 
some bulk to the 
grass silage. 







The cows’ foodis  _ 
mixed in a lar “ 
machin@€alle 
forage wagon 





during the warm summer months and harvested 
in the autumn. Itisthen chopped up to crush the 

corn kernels, making them easier for the cows to 

digest, and added to the grass silage. 

Although they area lot of work, these crops are 
relatively cheap to produce. They are also usually 
fertilised with the dung produced by the cows, 
creating a self-sustaining farming operation. 


Protein pellets 
Also known as cattle cakes, 
these supplements add 
protein, vitamins and 
minerals to the 

cow’s diet. 





Grass 

Grass is a cow’s main 
source of food. It’s 
packed with nutrients that 
help the cow produce 
better quality milk. 
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Manage your 
own virtual farm 


Discover the challenges of life as a 
modern day farmer with Farming 
Simulator 15 


Rear livestock, look after cows, sheep, 
chickens and more on your pastoral farm, 
ensuring they are fed and cared for to 
produce top quality produce. 


Grow crops 

Test your arable farming skills by cultivating 
your land and timing the growing and 
harvesting of your crops carefully. 





Manage sales 

Get to grips with the economic management of 
a modern farm, keeping track of your 
outgoings and income to ensure everything is 
running smoothly. 





Buy equipment 

Shop for the latest farming machinery and 
choose from over 100 farming vehicles, 
including models from New Holland and 
Lamborghini. 






Complete challenges 

Meet the inhabitants of the surrounding town, 
who will give you new missions to complete to 
prove your farming skills. 


Visit www.farming-simulator.com for more 
information. 
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DID YOU KNOW? Recycling ttn of plastic bottles saves over 1tn of CO, emissions, the same as a 6,440km [4,000mi] car journey 





How a bottie 





Is recycied 


What happens when you put your 
plastic bottle in the recycling bin? 


he average UK household throws away an 

estimated 500 plastic bottles every year, 

anda large percentage of them end up at 
landfill sites. Most plastic bottles are made from 
polyethylene terephthalate (PET) or high-density 


polyethylene (HDPE), both of which are degradable 
plastics. This means that when they are exposed to 


enough light, oxygen, heat or mechanical stress, 
they can break down into water, carbon dioxide, 
biomass and trace elements. 

However, this process can take hundreds of 
years, and during that time the plastic is taking up 


The recycling journey 


275,000 


How your plastic bottle is reborn 


Collection 
Your empty plastic bottle is collected 
and taken to a recycling facility for sorting. 


landfill space and can be potentially harmful to 
wildlife, particularly ifit ends up in the sea. The 
best solution for disposing of plastic bottles is to 
recycle them into new ones. 

Aswellas reducing the amount of waste going to 
landfill, this also helps to conserve the non- 
renewable fossil fuels needed to make the bottles 
from scratch and reduce the emissions of 
greenhouse gases normally created during this 
process. In fact, recycling one plastic bottle can 
save enough energy to power a 60-watt light bulb 
for three hours. @ 





bole] at=)nn) olaYa ocelad (=e) Mm c-1K>) more lam el= 
turned into a warm fleece jacket 


Made from bottles 


Recycled plastic bottles can be turned into all 
sorts of useful things, not just new plastic 
bottles. For example, the flakes made from 

iaate)id elem ©)t-Ksid(omor- lam ol-m-j0lU/aMlalkom-Wila(-m ele) \Vctincle 
fibre, which can be used to make fleece clothing, 
carpets and duvet filling. 25 recycled 

e101 aaliiliiinaom @W Monell |arex-)m olela a (=\-mer-]amant-].(-melale 
fleece jacket and five two-litre (0.44-gallon) 
bottles can be turned into 0.09 square metres 
(Co) aewsxe[0l-]a=m (ele) me) mer-] q o\-] em Mal-WelUle-]e)|/1Nvae)i 
recycled plastic also makes it ideal for use in 

(o | f=) [atele fom ©)| ol=soeusyer- 1 ike) (ell ale ml eley-|aelsw-lalemiclalersts 
and it’s also a cheap material for making street 
furniture, signs and even bins. In fact, your 
igevonYceal lave o)[aMant<\’m elm ant-le(cmige)aamanlcmove)pieclal es 
you put into it. The stationery in your pencil case 
(ore) 0] (eM ok=M nat-le(=Mige) eal a=\en'ce (=\e Ml ole) a (stone lome- lcm ual= 
plastic flakes can be reshaped into rulers, pencil 
sharpeners and other items. 









500+ 


If you have already separated the plastic 
bottles from the rest of your recycling they 
can be sent straight to a recycling plant. 


TONS 


Amount of plastic used 
in the UK per year 


YEARS 


How long plastic can 
take to decompose 





Separating 

The recycling is hand-checked to 
remove any non-recyclable material. It is 
then loaded into a ‘trommel’, a large 
perforated spinning drum. Plastic bottles 
and cans are separated through the 
perforations, and then steel and aluminium 
cans are removed using magnets and 
electromagnetic technology. 


Sorting 

The bottles are then cleaned and 
sorted by type and colour using infrared 
beams. The infrared light is reflected off of 
the plastics in different ways, allowing a 
sensor to detect which is which. Precision 
jets of air then separate the different types. 


Shredding and melting 

Next the bottles are shredded by a 
machine and the shreds washed again to 
remove any impurities, including remnants 
of paper labels or the bottle’s original 
contents. They may also be 
decontaminated further using a chemical 
solution. The shreds of plastic are then 
dried and melted down. 


Flaking 

The melted plastic is reformed into 
flakes or pellets as it cools. These can then 
be melted down again and used to make 
new products. For example, the melted 
plastic can be reshaped into new plastic 
bottles, ready to be filled with a product. 
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% 


The use of plastic — 
in Western Europe 
grows by this 
much each year 







40xc 


How much plastic 
the average UK 
family throws out 
each year that 
could otherwise 
be recycled 


© Thinkstock 
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Life of 








The butterfly king makes a spectacular migration, 
euided by instinct and an internal compass 


monarch butterfly 


he monarchis one ofthe most recognisable 
and beloved butterflies in the world. Itis also 
one of the most remarkable. Each year, 
anywhere between 60 million and1 billion ofthem 
undertake an incredible winter migration from the 
chilly regions of southern Canada and northern USA 
to southern California and the forests of western 
central Mexico —a distance of up to 4,828 kilometres 
(3,000 miles). 

Monarchs havea wingspan of about 10.4 
centimetres (four inches), and are identified by their 
striking black, white and orange colouring. Males 
and females are almost identical apart from a dark 
spot on the hind wing of the male -ascent gland 
that produces chemicals to attract females. As well 
as being undeniably beautiful, their bright 
colouring warns predators that they are foul tasting 
and poisonous. 

The butterflies actually develop their poisonous 
quality as caterpillars. Female monarchs lay their 
eggs on the toxic milkweed plant, andthe 
caterpillars feed exclusively on this. Its glycoside 
toxins are harmless to the monarch, but poisonous 
tothe monarch’s predators. By munching 
milkweed, the caterpillars develop a reservoir of 
toxins in their bodies, which persist in their system 
beyond metamorphosis and make them an 
ill-advised meal. 

Most monarchs don't live longer than about five 
weeks. About three to five generations are born 
between early spring and the end ofsummer, but 
the generation that emerges from their chrysalises 
at the start ofautumn is different. Thisisthe 
“over-wintering” generation, and it’s their job to fly 
south, away from the freezing North American 
winters, and ensure the survival of the species. 

The migration is astounding, not onlyin terms of 
the distances the butterflies cover, but also for the 
fact that they instinctively know the route, despite 
never having made the journey before. Their arrival 
in Mexico usually coincides with Dia de Muertos 
(Day of the Dead), one of Mexico's most important 
holidays. According to local legend, the arriving 
monarchsare believed to be the souls of the 
deceased returning to Earth. 

Over-wintering monarchs live for up to eight 
months. They embark on the northward journey in 
early spring, mating on the wing and laying their 
eggs on milkweed plants in the southern United 
States. Their offspring will complete the journey 
north, before the whole cycle begins again. & 
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Metamorphosis 


The transformation from caterpillar to butterfly 
















Egg 
Female monarchs lay 
their eggs on milkweed 


‘L x 

plants; before laying, the 

mother tastes the leaf to | q 

check it is suitable. 

eT 
. oh 

Larva | F 
The larva hatches | ar 
four days after the . 
egg is laid. It eats the w “er,” F 
nutrient-rich eggshell *% 


followed by the 
milkweed leaf. 


Caterpillar 
The caterpillar 
munches 
voraciously on 
milkweed, growing 
to 5cm (2in) in 
length and around 
3,000 times its 
original size in just 
two weeks. 


Hanging J 

The caterpillar 
attaches a wad of 
silk to a stem and 
hangs upside down 
in a “J” position for 
about 18 hours. 


Metamorphosis 
Over a period of about 
ten to 14 days, the 
caterpillar transforms 
into a butterfly within 
this hard protective case. 


Chrysalis (pupa) formation 
The caterpillar’s exoskeleton splits 
from the head upwards and the 
insect wriggles to discard it, leaving 
behind a perfect chrysalis. 
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A newly-hatched monarch inflates its folded wings with a pool of hemolymph it has stored in its gddomen 


“Between 6o million 
ond 17 Billion monarchs 
undertake an incredible 
winter migration” 


Take off! 
The monarch finally 
spreads its wings and 


takes flight, ready to begin 
the cycle all over again. 



















Flight 
preparation 
A newly emerged 
butterfly waits 
about an hour for 
its wings to dry 
completely and 
become fully 
airworthy. 


Emergence 
The adult 
monarch pushes 
its way out, 
grabbing on to 
the exoskeleton; 
within minutes, 
its tiny folded 
wings grow to 
full size. 


Final stages 

The green pupa 
becomes transparent 
one day before the adult 
is ready to emerge. 
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Little warrior 


my the honey badger’s body 
‘is tailor-made for toughness 
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~~ ‘2 
* . — 
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i= U : = - “~. 


Anal stink —— 
pouch \— “i 
| © Like their relatives 4 
the skunks, honey’ ..’ 
badgers can eject — 


_¥ 


-, 


Thick and tough enough to resist e[ofe} 


Nose 


»_ Built for idgclaleidab-lalei | |plelg=vel|0)(-Mc\olalsiome) mj gal=) |B 


“Stamina rather than speed, ~~~ can sniff out grubs and 
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a - . Z = 
"bites and porcupine quills; loose.and 
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.* flexible to allow the badger toturn and | 
, - attack any animal that grasps it. —* ee 
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The fearless 


honey badger 


Hyenas, lions and snakes know better than 
to mess with the ruthless honey badger! 


hen you think of badgers, you 

probably imagine shy, snuffling 

woodland creatures with pretty, 
striped faces. Brace yourself, because the honey 
badger - despite its sweet name - is a whole 
different mouthful of teeth. In fact, it holds the 
official Guinness Book of World Records title for 
most fearless animal in the world! 

Despite their name, honey badgers actually 
have more in common with weasels than they 
do with the other badger species. Around one 
metre (3.3 feet) in length and 30 centimetres (12 
inches) tall, their bodies are squat, stocky and 
incredibly strong, and they move witha 
self-assured trot. They’re nocturnal and 
generally solitary, anda large brain-to-body size 
ratio makes them master problem solvers. 

Honey badgers are also ferocious fighters, all 
rattling snarls and vicious lunges. They don’t 
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think twice about giving attitude to hyenas - 
animals five times their weight, with jaws more 
powerful than a lion’s - and are reported to go for 
the scrotum. One account even tells ofa trio of 
honey badgers teaming up to chase a group of 
seven lions from their kill. 

It may sound like the honey badger hasa 
death wish, but this crazy little critter has every 
reason to beso bold. Virtually no predator can 
get the better of it, thanks to its secret weapon: 
its rubbery skin. At over half a centimetre (0.2 
inches) thick, it is almost impenetrable to sharp 
objects, including spears, scorpion stings, and 
porcupine spines. Because the skin hangs loose 
around its muscular frame, a caught honey 
badger is able to twist right around and sink its 
vicious teeth and claws into its attacker’s face. It 
can take a fully-grown leopard an hour to kill 
one of these tenacious little beasts! 
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DID YOU KNOW/? If you spot on asperatus cloud, upload a photo to the CAS's CloudSpotter app to help with their research 





Asperatus clouds have been . | 
spotted in England, France, Tes ee a ExT AEME 


Norway and the USA ATHER - 
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Asperatus clouds 


Find out what causes the world’s newest cloud formation 


he last time a new type of cloud was classified as asperatus clouds, inspired by the when ice crystals in the clouds sink, but are too 
officially recognised by the UN’s World Latin word for ‘roughened’. Forthistohappen, _large to evaporate in the air below. To form an 
Meteorological Organization was in the cause of the cloud has to be identified first. | asperatus cloud, strong winds then shear the 
1951, but these choppy seas in the sky could be Although their formation is not yet entirely underside of the mammatus cloud to form 
next. After being unable to identify the clouds understood, some experts believe that they undulating waves instead of pouches. If they 
from photos sent in by sky watchers alloverthe formunderthesameconditionsasmammatus _§areclassified, the clouds will be included in 
world, the Cloud Appreciation Society has clouds, which look as though they haveaseries theInternational Cloud Atlas, which has not 
Jo) co) oLeysrere mm atclmmalsyvacselovenlemel-meyaulent- 00h of pouches hanging below them. These occur been published since 1975. @ 


Frost f lowe rs How do these stunning ice blooms grow? 


hey may look like strange plants or even 
j Frost flowers are 
sea creatures, but these beautiful typically found in the 


formations are actually intricate ice penatic and Antarctic 
sculptures that grow naturally on thin ice. They a 
have been spotted on frozen lakes, ponds and 
sea ice, but require very specific conditions to 
form. The air above the surface of the ice must 
be still, dry and about 20 degrees Celsius (68 
degrees Fahrenheit) colder than the 
temperature of the ice itself. This makes it 
possible for the surface ice to sublimate, 
meaning that it changes directly from a solid to 
a gas, Skipping the liquid stage in-between. As 
this water vapour hits the cold air above the ice, 
it condenses to form ice crystals that attach to 
imperfections or cracks on the surface. With 
very little wind around, the crystals do not 
blow away, and are left to grow naturally into 
stunning frost flowers. As they grow, the 
flowers also draw up more water from the ice 
below, and this often contains microorganisms. 
In fact, the density of bacteria found in many 
frost flowers means that each one is its own 
temporary ecosystem. *& 


OGettyImanges 
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Flare stars 

If you're looking for a star that's unpredictable,. 

then the flare star is it. With their dramatic 

bursts of brightness, fl ire stars often come in © 

the form of dim red dwarfs, which are smalland 

r y cool stars compared to our Sun. 

not too dissimilar to our star, id ato)bredal 

‘material that erupts from their surfaces is 

ar to how solar flares storm from the Sun’s 

urface — and it’s all down to magnetic 
reconnection in the stars’ atmospheres. 

. «Magnetic reconnection is when magnetic 
fields are rearranged, causing high 
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Plus six other strange, ~ 
celestial wonders explainec 


. temperatures and partic 







speeds. From Earth; flarestars usually appear 
quite faint to us despite turning up the 


r Joyatdotuatsicmm baw t-lelmn bal order to beable tosee one, 


you would need your own space telescope. 
In April 2014, NASA's Swift satellite observed - 

a record-breaking sequence of eruptions from 

a nearby red dwarf star at agistance of roughly 
60 light years. The blasts were so bright that 
they were measured to beas much as10,000 . : 
times more powerful than the biggest solar 
SEN eM =at(=) 8 2160) 0 (210 B ; 


+. a 











Flare stats play host 
to unpredictable bursts 
Tame) alelaldatssss 
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The more massive a star, the shorter its life span. The most massive stars explode after ag few million years. 









- 





2Qeiue stragglers 


a 








as “Ss i * 7 | .\..) The bluestragglers area bit of a contradiction. behind their neighbours. Just how they come to 
, ee ) These stars, which burn hotand shine blue, exist is still a bit ofa mystery and two possible 
appear to be quite young, yet they reside in open ways are shown below. According to astronomers, 
or globular star clusters — gatherings of ancient the most obvious explanation is that these young 
stars that are usually thesame age because they stars must have been made from the mergeroftwo .- 
all formed and grew up together. older, low-mass starswithinthedenseconfinesof  —S— 
pi enon. ice They're called blue stragglers becauseinterms. _ the cluster, making a more massivestar thatis 
of their evolution, po appest to be lagging rejuvenated and appears much younger. 







fhe collision model The slow coalescence model. ‘ 


fore) |[Ctreypmexele | goy= A reborn star . Od (oS-Y=moxe) na) ey=]al (eal) ; 
Two low-mass stars head toward each other The new merged star, appears from the oN Sometimes stars come in close pairs - so close that they , ° 
je) ar-Mal=y-le bre) a exe) | (s)(e) 0B fol-lola Movin nat-Mexe) |lsilelabe-late isi alia'cou nel me-laren ol leee are actually touching and begin to transfer material. 


e- = a. 


Stellar tango =— 
As the two stars enter into each other’s <p 

gravitational influence, they begin rotating around 

each other before spinning into one another. : 








’ Vampire star 
The larger star’s stronger gravity wins out, and begins cannibalising 
the smaller partner. As,it does so, the larger star spins up. 


* A Swollen star 
WM atsm=\Ve)Uiace)ane)i the star-is not over yet. 
The extra heating causesthe star to swell and 
expand, tunnins reds it its rotation slows. 





Contraction 
As the interior of 
the star settles 
down, it contracts 
Fler} ammuelaalialeme)i0(= 
(olalox=manlelace 


Fast spinner 

The larger star 
grows more massive, 
areyans)arelaeme)[0(=)emr-lare 
spins at least 75 times 
faster than our Sun. 





Ejected debris 


3 Zombie stars 
We know the Type Ia supernovaas the explosive death 
of a white dwarf star, completely blown'to smithereens. a 3 
There can be survivors in such a catastrophe, however. : | i ewer E os on is 
WatersreW ofersimi eCekovelelsplohniatslmtsplentoyniselslseel Type lax White: dwarf star can survive 
supernova eruption. Occasionally, the supernova . 
explosion is unusually weak (relatively speaking), 
allowing a portion of the original white dwarf star to 
survive. In 2014, astronomers studying archived /sible)o) (am 
images identified one such battered and bruised , 
supernova survivor. These white dwarfremnants 





© Corbis, Casey Reed/NASA, ESO; ESA 


appear to come back to life as they « explode, earning ° 
them the nickname of zombie stars. / ae 
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3 Hybrid stars 











Crusty star bo) =] 9) (= o} lg 
A strange quark star would A particularly massive quark 
Kelana masse (=W- Marcel age)aBsic-] @ . star could have’enough ~ 
so it is expected to have a gravitational energy to start 
1a) (o1@co1 aU lomo) Malsleluge) ats using strange matter as 


Telacolelarellare mia fuel, remaining stable for Quark stars. 


about 10 million years. * This type ofstar is one of the most exotic ofall 
= __—_—‘=so exotic that we're yet to even find one. 
Quarks are fundamental particles - they make 
up the ‘protons and neutrons we find in the 
nuclei of atoms. So why would we find an entire 
Secvepaat-Vol-batelmoyaclcovantswmateye protons and# 
neutrons, but just quarks? When massive stars 
explode, their cores are compressed down to 
datenole)tolmmetlmuelcea-lkevestoe-bacmeabesjelcvoncrenuetslt 
protons merge with electrons to form a neutron 
star. The theory behind quark stars is, ifthe 
pressure is great, itcanevensqueezethe » 
neutrons apart into their component quarks. 
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Tobias Roetsch, 








| > ™ UpQuarks — 
| ® Down Quarks | 
Free ® 
Explosive stars Quarks Strange Quarks 
Dy -War-lareliel me) mie) el-1aare\\f-1— 

have been seen to have eh i 
exploded brighter than any - Small stars ——— , Strange quarks ——— Ole latemeroiia 
others, and some Quark stars would be very) * . Another type is the ‘strange’ quark, and some AM atom antey=) mexe)anlanlolamayd e\-\-melmelUl-la 4 
Jor(slaldciecm dalla @uuals\vaci(e) are] small, less than 10km : theories speculate that some quark stars are described:as ‘up’ and ‘down’ 
ldatcWo)| auame)mel0l-1g @cie-] a" (6.2mi) across. ore) 0] (eM ol=Mantq(e(oM=)aldia=)\/Melmclue-]ale(ome[Ul-] a.com relate Mantel <ce] oN 9) ce)ce)atc-l ale Mal-l0lace)aice 


Akin toa Russian doll, a hybrid star is actually 
quite bizarre - especially since they exist as one 
star encased inside the shell of another - simply 
because the larger star has gobbled up the 
smaller one. 

It was physicist Kip Thorne and astronomer 
PAV abate WATAUCO ANU slON eo) ce)elesicroms etc lacie le oes Rsitsl¢ 
existed back in the Seventies, but it wasn’t until 
40 years of searching that a hybrid star - also 
known asa Thorne-Zytkow object - was , 
uncovered. To look at, a hybrid star seems like 
your standard red supergiant, similar to 
Betelgeuse in the constellation of Orion. But it’s 
the chemical fingerprints they leave, measured 
by analysing the red supergiant’s starlight, that 
give a neutron star “a 


* 


* * 


Tobias Roetsch 








“ = The red giant ' _. Different elements ' Hot meets cool i Neutron star 
i itelan(=oVAVan.col ny si arcKelelesiie(-Keyman(-ecie-lals The difference in temperature of | Theneutron star is very ‘ At the core of the star is the neutron 
objects are bizarre the red giant, which is the the two stars might result to. hot, over lbn°C_ , _ Star. In this diagram its size has been 

. hybrids, so we get puffed-up transformation rather unusual stellar chemistry, (1.8bn°F), while the red et . exaggerated, as neutron stars are 
two stars for the of a Sun-like star near the with different isotopes of giant is just a few - : only 10-20km (6.2-12.4mi) across, 
fo) a (ox=Me) me) aya) end of its life. | elements being created. , thousand degrees hot. F but incredibly dense. 
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Hyper-velocity stars are runaway stars that encountered the black hole at the centre of the galaxy 





The Sun 
- 9 billion years*younger than HD 

140283, the Sun has an 

Fl elelarer-laversMe) im al-t- YAY) clanlclal ss 

250 times greater than the 

Methuselah star. 





Betelgeuse 
‘Betelgeuse is a Star that will 

one day go supernova. Heavy 

elements are created within Ae 
such stars. ; ma 


—* es Aldebaran’ 
“@ ge 


Rigel / 4 ee ae 
| 6) 


6. 
-%J Oldest star 


The universe is 13.8 billion years old, and | ak 
there’s one star that is almost the same age. , 
The star HD 140283, nicknamedthe _ 
Methuselah star, is estimated to be at least 13.7 
billion years old. This star, which is 190 light 
years away from Earth, sports avery low 
abundance of heavy elements. These elements 
are forged inside stars and build.up over many 
stellar generations. To have sucha low 


Old-timer 
This is the view of the 
sky as seen from HD | 
140283, which is the 
oldest known star in 
the Milky Way galaxy 


heavy-element abundance, the Methuselah + . 
Star must have formed right after the very first . 
generation of stars. : 
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Whirling dervish 
How Vega loses its spherical © 
shape because it’s too quick - 

Je, | 








Debrisdisc -- ~ sige 
Vega is.a relatively Nelblave star, 
which is why it still has its debris 
disc, and younger stars tend to 

spin faster. 


DIyvaYilalemgele-lacela 
Fast rotators like Vega and* 
Regulus pn Elmalelatel ase cem 

thousand of kilometres per hour. 


Li 





AWe ltl (ol. @-)e)i ame 
Vega takes just.12.5 hours 
ixomore)anle)(=1kome)aiom a=\"c0)[Uiule) ar 
In comparison, our Sun 

takes about'amonth. | ~ : 


Temperature 
AV(=Xe fe Meow olU](e (eM aaisy-larcmualomclelar-lers) 
temperature varies across the star, 

with the hottest temperatures 
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found at the star’s poles. - 


J * 


The Methuselah star 
The oldest known,star at 13.7 — 
* billion years old, HD 140283 
. ». has avery low améunt of “i 
heavy elements. ‘ 


The Pleiades 
At the other end’of the age scale 
is the Pleiades star cluster, 
orolal tl ialiarems|qele lave mr-Mualeleict-lare| 
stars just 100 million yeafs old. 





Egg-shaped star 
You haven't really met a strange-looking star until you've 
come across an egg-shaped one. Regulus, which you can 
see from Earth in the constellation of Leo, is one such 
stellar abnormality. 

Stars like to spin, with some moving faster than others. 
Our Sun is able to hit speeds of 7,242 kilometres (4,500 
miles) per hour. However, the giant star Regulus, which is 
at least three times bigger than the Sun, clocks a velocity of 
almost 1.13 million kilometres (700,000 miles) per hour 
despite its sheer size. Another speedy spinner is Vega, the 
bright star in the constellation of Lyra, which spins ata 
rate of 986,400 kilometres (613,000 miles) per hour. Being 
fast movers means these stars lose their spherical shape as 
centrifugal forces cause their equators to bulge outward 
FWalel the stars appear egg-shaped instead. 
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Hubble’s 25" 
anniversary 


Celebrating a quarter-century of the 








world’s most famous telescope 


very 97 minutes, the Hubble Space Telescope 

completes one orbit of our planet, capturing 

incredible images of the universe as it goes. 
From its position 552km (343 miles) above Earth, it 
can avoid the atmospheric distortion that plagues 
ground-based telescopes and record more 
wavelengths of light to examine celestial bodies in 
spectacular detail. 

It collects this light using a very large primary 
mirror. It then reflects it onto a secondary mirror, 
which focuses it onto the telescope’s science 
instruments, including a wide field camera. 
However, when Hubble first launched in April 1990, 





Pillars of creation 

Perhaps the most iconic Hubble image, it shows three 
giant columns of cold gas, dubbed the pillars of creation, 
glowing under the light from a cluster of young stars in 
the Eagle Nebula. 
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Hubble’s greatest hits 


atiny flawin the primary mirror meant that the 
first images it produced were blurry. Light that 
bounced offthe centre of the mirror focusedina 
different place to the light bouncing offthe edge, 
distorting the final image. In 1993, a team of 
astronauts travelled to Hubble to fix it in orbit, 
adding aseries of small mirrors that could 
intercept the light reflecting off of the primary 
mirror and correct the flaw. The mission was 
successful and Hubble has been producing sharp, 
detailed images ever since. 

More than 100 terabytes of data has been 
generated by Hubble, and more than 10,000 





Deep space 


This composite of images taken between 2003 and 2012 


contains approximately 10,000 galaxies, and enables 


astronomers to look back in time to within a few hundred 


years of the big bang. 


_ ae 
Andromeda galaxy 





scientific articles have been published based on its 
findings. It has also helped astronomers discover 
dark energy, find out how galaxies form and 
determine that the universe is approximately 13.7 
billion years old, not somewhere between 10 to 20 
billion as previously thought. 

Soon though, Hubble’s story will come to an end. 
Asits components slowly degrade, it will 
eventually stop working, anda roboticspacecraft 
will be sent to guide it back down to Earth. It will 
then be time for Hubble’s successor, the James 
Webb Telescope to take over, with a launch 
scheduled for 2018. @ 





Crab nebula 

The result of a supernova first noted by Earth-bound 
astronomers in 1054, the Crab Nebula rotates 30 times a 
second and has a neutron star as massive as the Sun at 
its centre. 





The largest Hubble image ever assembled shows our galactic next-door neighbour, the Andromeda Galaxy. Although 
over 2 million light years away, the image is sharp enough to show over 100 million individual stars. 
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DID YOU KNOW? Hubble transmits 1eo gigabytes of data weekly, enough to fill a 1,097 metre (3,600 foot) long shelf of books. 


soe 


"More than D ‘00. te; 
scientific articles Pe | 
- Been published based one 
e's findings” . << ame 


We 


a troubled mission 


We spoke to BAFTA nominated filmmaker Christopher Riley about his time with 
the Hubble team when making the documentary Hubble’s Cosmic Journey 


What did you learn from talking to 
the Hubble team? 

The thing that surprised me the most 
was that all these decades on, the 
engineering team, particularly those who 
raatele(=mantoManliqge)mal-lm@ar-(emualomare\A lan ie 
1] | arclemanlicmeslag|e)(oM elU]qe(=)ame)me)i-laal= 
that had been poured on them. It took 
me quite some time to persuade them to 
take part in the film at all. They were so 
ahead of their time engineering-wise 
that the digital camera technology on 
the telescope, which was refitted every 
few years during space shutter missions, 
fo) nl aer= lle] nim 0) om] aWA@l@som-lalemual-\vmant-le(=) 
this mirror back in the Seventies. Yet 
despite that they were still thought to be 
the problem rather than something to be 
celebrated because of the initial 

fo) ge) 8)(=\aaomiieamual-meallagele 
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What excites you the most 

lolol timate) 9) (=¥¢ 

For me, the most powerful images are 
the deep field images that started to be 
taken in the mid Nineties. The team 
basically point it at a tiny speck of 
seemingly empty sky and they do this 
repeatedly over the course of years. The 
great thing about Hubble is that they can 
point it at exactly the same bit of sky. It’s 
ualemere [6] \V/-] (=) pm e)m ol-) [ale mela mune) oke)man= 
AFeksalaleine)emivi(ealelaatslaimrelacem ele)iaidiare pre 
laser at a coin on top of the Empire State 
Building that’s 250 miles away, and 
holding the laser steady on the face on 
the coin. So when they point it at these 
tiny bits of space, they can repeat the 

isto ]aaloM=d.4 0le1 ala ate)almre] are mexe)| (=\o1m anle)acw-] are! 
nate) com (eal Mats\Vatalclamolel|(emualicneye) 
digitally until they’ve got these fabulous 


= a 










exposures of deep parts of the cosmos 
that reveal our universe as it was over 13 
billion years ago. 


What questions do you hope Hubble 
will help us answer in the future? 

| think there’s a good five years of life 
left in Hubble before it needs to be 
retired. It still strives to do deep surveys 
of the sky. When | was filming at mission 
control, it was tracking down new target 
fo) 0) (=\e1 Ko Ke) am Woy WoW (ELVA (0) 8740) BIS 
mission, which is on its way to Pluto. It 
will pass Pluto this summer and then 
alcyele Ko)0 ium keMe)a(=We) mm ua\=We)a ais) a (eaYe) 0) (=\e1 &-) 
beyond in the Kuiper belt. Hubble was 
1uav/ialem con tg- (el @e(e)uVam-lake)e)(-(e1m ce)aaualis 
mission to divert to. These objects are 
over 4 billion miles away, so they are 
pretty difficult to spot. But thanks to 


rs Ja. 
Hlubble’s: 25th Anniversary 
Tantele{=m-ya lew ice me|t-lal8 
‘star Cluster that’s about 
2 million years fo} (elr-lare 
contains some of our 


* 


galaky’s*hottest, brightest . 


and most massive stars. 
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id To find out more about 
- Hubble’s incredible 
journey head over to 
} www.hubblesite.org. 
Here you can learn 
Se about its incredible 
™ discoveries, see more 
. stunning images of the 
universe and even 
learn how to build your 
own Hubble model. 


Hubble’s power, even 25 years after it 
MiVF= KM Fe] 0] alod ase Mul mer] B<1N] | Mexe)alugloleincmne) 
Iaatele(=lgamel-\vmanliscy(e)a ice 
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NASA’s twins 


study explained 


How one set of identical twins and a yearlong journey in 


Space will help NASA prepare for a mission to mars 


n27 March 2015, astronaut Scott Kelly 

voluntarily voyaged into space ona 

unique one-year mission for NASA. His 
identical twin brother Mark, a retired astronaut, 
is also integral to the study, although his feet will 
remain firmly on planet Earth for the duration of 
it. This unprecedented experiment offers 
scientists a rare opportunity to study the effects 
long-term spaceflight has on the human body, 
which is vital if NASA hopes to one day send 
astronauts on a mission to Mars. 

The fact that the brothers are identical twins is 
crucial to the investigation, as they share 
virtually the same DNA. This means scientists 
will be able to closely compare any physiological 
and mental changes that occur between them 
during the experiment. Prior to Scott’s arrival at 





the International Space Station, NASA 
researchers collected genomic, physiological, 
molecular and other data from each twin, 
something that will continue to be reviewed and 
compared both during the mission and after 
Scott has returned to Earth. 

Biological samples including blood and saliva 
are expected to uncover more evidence on the 
physiological effects of spaceflight, as the 
investigation will look closely at how 
environmental stressors, such as microgravity, 
radiation and confinement, affect the muscles, 
heart and brain. Behavioural changes will also 
be compared and documented, in order to better 
understand how the likes of reasoning, 
perception and decision-making are also 
affected by long-term space missions. ® 


PANS age)ay-[Ulmmevoroya ma <=) NV Cale] ale m-l(earem)uiaamalis 
'o) ce) dal=) em ke) gant=)areicieae)at- lela \V/-le.@.c- NA Ol-1m) 


| Science of identical twins 


There are two different types of twins; identical, 
known as monozygotic, which occurs when one 
sperm fertilises one egg; and nonidentical, or 
dizygotic, which is when two separate sperm 
fertilise two separate eggs. Identical twins are the 
less common of the two, as once the egg has been 
fertilised the cell will split in two, which as result 
means both embryos share the same DNA code. 
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Your DNA is responsible for making you who you 
are, which is why identical twins are the same sex 
and look so much alike. Slight differences in 
appearance and behaviour are a result of 
environmental factors, and as changes to our genes 
can still occur in the womb, it’s possible (although 
very rare) for one twin to develop a genetic 
condition while the other does not. 











The Soyuz 
TMA-16M 
spacecraft 
launched Scott 
C=) | Warelare mats) 
rest of the 
crew to the ISS 











Identical twins share the same DNA code 
as they come from the same fertilised egg 
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Most ants have poor vision, so they contact each other using smell and by touching antennae 


Fi 


Antstronauts 


Learn how a microgravity 
study of ants could lead to 
better robots 


everal hundred ants are currently in orbit 

on the International Space Station, in an 

experiment to see how they adapt to 
microgravity environments. The way ant 
colonies work is fascinating. They don’t have a 
central control; no single ant can force another to 
do something. Instead, they use information 
gathered locally to assess situations, which 
means the behaviour of the colony depends on 
the local cues each ant produces. Colonies send 
out worker ants to search and assess new areas. 
This can help them find food, map foreign terrain 
and identify potential threats. 

By studying the ways ants assess an alien 
environment, scientists believe they will be able 
to develop better search algorithms for robots. 
They want to create autonomous search robots 
that do not needa central control, much like ant 
colonies. These would then be more effective at 
tasks such as finding survivors immediately 
after a disaster takes place. This research could IgcYere)qe(=Ye MULT ate pr-InVa(e(-YoKor-lanl-1e-] -” 
also impact mobile phone networks, helping to for review and comparison 
solve problems of interference. haa ial ees 





How robots keep 
astronauts company 


Meet Kirobo, the Japanese robot living on the ISS 










eelings of loneliness are often hard to technology to develop other robots’ 

avoid when you're in space. Astronauts conversational abilities. The Kirobo 

who stay on the International Space experiment also aimed to see how humans and 
Station (ISS) for extended periods often robots might live alongside each other during 
struggle with this. Sometimes, their longer space missions, which may take 


psychological issues can be hardertodealwith  placeinthe future. Kirobo has now 
than living in microgravity or sleeping upright. returned to Earth after an18-month 

To combat this, Japanese scientists designed stayaboard the ISS. #@ 
eM aelelolmiisinemmet=e-0000moymoyaeyiaconbatemossyiceare)loyealerct | 
support. It was named Kirobo, which is derived 
from the Japanese word for hope (“kibo”) and 
robot. Kirobo stands 34 centimetres (13.4 
inches) tall and weighs one kilogram (2.2 
pounds). It has a clever voice-recognition 
system and can produce its own sentences 
with the help of an advanced language- 
processing system, and its own built-in voice 
synthesis software. 

These innovative systems were actually 
designed by Toyota, which plans to use the 





© Corbis; NASA; Toyota 
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Want answers? 


Send your questions to... 
p How It Works magazine © @HowltWorksmag 


howitworks@imagine-publishing.co.uk 








MEET THE 
EXPERTS 


Who's answering your 
questions this month? 
[Luis Villazon 
»  Luishasadegreein 
zoology from Oxford 
~ Uniandanotherin 
real-time computing. 
He builds steampunk 
& gizmos and electronic 
gadgets, and his articles about 
science, tech and nature have been 
published around the world. 


Laura Mears 


Laura studied 

biomedical science at 
King’s College : 
Londonand hasa nifelfaremualeMi elle) i 
masters from Death requires a good 
Cambridge. She understanding of physics and 
escaped the lab to pursue a career a lot of bravery 
in science communication and also 
develops educational video games. 


How do motorcyclists ride the Wall 
) czcsionee =» Qf Death without falling down? 















University of 
Nottingham aswell Colin Noble wall, held in place by centripetal force. There are 
as Imperial College, 

A Alex has worked at The Wall of Death-alsoknownasthemotordrome _ three forces working on the cyclist: gravity, the wall 
many a prestigious institution or silodrome — is a barrel-shaped cylinder, usually and friction. The cyclist must maintain a constant 
around the world, including CERN, made out of wood. Motorcyclists perform stunts while speed to keep the motorcycle’s direction of motion 
London’s Science Museum and the - ’ 

Institute of Physics. riding on the vertical wall. The Wall of Deathisa constantly changing. They must also lean up at an 
(aetninetaniententusisetentsstnsennisieneiatanerateneiatanet popular travelling carnival act dating from the angle (with respect to the wall) while riding to keep 
Sarah Bankes early-2oth century, but there are just a few left today. the bike’s torque at zero. This impressive feat 
Sarah hasa degree The motorcyclist starts at the bottom with the crowd occasionally results in accidents if the cyclist gets too 
in English and has looking down into the drum. After ascending a ramp close to the top of the wall or fails to maintain the 
been a writer and to gain speed, they then begin circling the vertical speed or angle necessary to stay up. SF 


editor for more than 
a decade. 

t Fascinated by the 
world in which we live, she enjoys 
writing about anything from 







/™ Are our eyes able to 





| # = 
science and technology to history , Sy fully appreciate 4K TVs? 
and nature. | . 
aga RRUTERHE Renfree ret enn Oe - Estelle Firth 
> . Yes. The maximum visual acuity of the eye is 0.3 
7 arc-minutes. That means that under good lighting 


conditions, you can distinguish two dots that are 
—_ 0.005 degrees apart. 4K TV resolution is 3,840 x 
2,160 pixels, so to be able to distinguish individual 
pixels, the screen must cover at least 19.2 degrees in 


wy Shanna describes 
| 7 herself as somebody 
_ whoknowsalittle bit 
. abouta lot of 





different things. . your field of vision. For a 48-inch screen, that 
. | That’s what comes of a: happens when the screen is just over three metres 
writing about everything from The closer you sit, | (9.8 feet) away from you. As long as you sit no 
space travel to how cheese is made. the higher the screen | / further than that from the screen, and your vision is 
She finds her job comes in very resolution needs tobe “q sharp, you will be able to appreciate 4K resolution. LV 
handy for quizzes! 
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Mirrors invert . 
| ige)alar-late back ™ —— 
“rather than left | 

and right ~ ae 


How does truth 
serum work? 


Mandy Jones 


Various drugs have been used as ‘truth serums’ 
although none can reliably make their victims speak 
the truth. Many so-called truth serums are 
barbiturates, such as sodium thiopental, originally 
used as anaesthetics or sedatives. Similar to alcohol, 
they depress the central nervous system and impair 
judgement and cognitive function. Doctors observed 
that these drugs reduced inhibitions in patients, 
causing them to talk more freely. One theory is that 
by disrupting brain function, such drugs might make 
it more difficult for a suspect to concentrate enough 
to lie convincingly. But these drugs also tend to 
make people extremely suggestible and downright 
incoherent, meaning they are just as likely to say 
whatever their interrogator wants to hear, or to 
babble complete nonsense, as to tell the truth. In 
most countries, confessions extracted from 
suspects under the influence of drugs are therefore 


inadmissible in court. AC 


Other animals-use their appéndix to 
Fl(o MVVA1UaMme|(e (ots) (e)ame) a o)f-lalm@enl-itslar-] p 
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Lauren Craft 





What will 
happen 

when the 
Sun dies? 


Mick Barrow 

@ As the Sun dies, it will swell before 
exploding into a planetary nebula. In 
the coming few billion years, the Sun 
will gradually run out of hydrogen fuel 
and begin to fuse heavier elements. Its 
core will become denser while its 
outer layers grow hotter, expanding 
outward and evaporating all of Earth’s 
water. Eventually the Sun will bea 
hundred times bigger than it is now, 
engulfing Mercury, Venus and 
possibly Earth. When it eventually 
runs out of fuel, it will eject its material 
outward in an expanding shell of gas, 
leaving behind a superdense but dim 
white dwarf star. AC 











Why do reflections in 
mirrors appear reversed? 


Mirrors appear to reverse things from left to right 
because of our perceptions. Our bodies are roughly 
symmetrical, so the reflection of your left hand looks just 
like your right hand. For this reason, we tend to assume 
that mirrors reverse left and right. But if you hold up an 
asymmetric object in front of a mirror, for example a 
saucepan, left and right are not reversed. The right-hand 
side of the saucepan (for instance the handle) is still on 
the right, and the left-hand side is reflected on the left. 
Instead, a mirror inverts front and back. AC 


No known 

(e/a Ule More] since) gex=) 
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but the truth 


The Sun will 4 

eventually leave 
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of dust and gas 
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hatter glass, it is 
very unlikely 








ry | 





Can opera singer 
shatter glass? 


Freddie Stevens 

It is possible for an opera singer to shatter glass; it’s just 
not very likely! All objects have a frequency at which that 
object vibrates. Sound waves from the singer’s voice 
vibrate air molecules surrounding the glass, causing the 
glass itself to vibrate. This is known as resonance. The 
glass would need to have microscopic defects big enough 
to buckle under the pressure in order for the glass to 
actually shatter, though. The chances of finding such a 
glass are slim, particularly as the fractures cannot be seen 
by the naked eye. Furthermore, the note must match the 
glass’s resonant frequency. It has happened, though! SB 
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‘Why can we me the ; 


Mioon in the daytime? 


Ruby Perkins 


| UW elewly Cole) au toma eXenst=rere) ele cl ovetedeliciimele)(elmeneel= 
sky and incredibly reflective of the Sun’s rays. 
jWablspaolcy-batsmoetsmacyilcrancvou bredelmersbemel-velcime-liomusl= 
scattered blue light ofthe sky. Though it may 
seem that the Sunrises in the east while the 


(Of ar-[aerialem\celelame)atear= 
Wel aval (elalmme(eletialas 
damage the battery at all 
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Moon sets in the west, the Sun and the Moonare 
only opposite each other in the sky when the 
Moon is atits full stage. In theory, the Moon is 
almostalways.visible in daytime, except when 
it’s too close to the Sun (during a new moon) or too 
far away (during a full moon). SF 





Does charging your phone 
overnight kill the battery? 


Jordan Knight 

No. Overnight charging is actually the scenario phones are 
designed for. The charging circuit in your phone will cut out 
when the battery reaches maximum capacity. So you can’t 
overcharge your phone, no matter how long you leave it 
plugged in. If you never unplug your phone from the wall, 
you will eventually lose battery capacity, though. That’s 
because lithium batteries slowly degrade if they are held at 
maximum charge for long periods. After an entire year at 
full charge, a battery will lose 20 per cent of its maximum 
Capacity, compared with just four per cent after a year at 
half charge. LV 


FASCINATING 


FACTS 


Earwax is protective 
Ai arcmantcce| (er-]meclgaa Wie) m=y-l aha) 
cerumen, and it’s produced by 

fe] Felalesoml am ual=Mel0| t=) @tct-] aer-]at-] Re) i 
lnatelanlaar-lisem@xla0lan(clam e)ge)n-\eincmet-] 6—) 
from foreign material such as 
insects and bacteria, and it also 
lubricates the skin of the ear canal. 


People of 
European | 
laemAvid(e-lame 
descent are * 
more likely 3 
to have wet 

e¥e] aN). 4 


The longest straight 


road ts in Saudi Arabia 
ii av=w (e)alers\simclie-](e] alm cey-[e Mela mearcwe)i-lal=is 
forms part of Saudi Arabia’s Highway 
10. Stretching across 261 kilometres 
(162 miles), it connects the town of 
Haradh to the border with the UAE. 


a 
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stretches 
across the Saudi 
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Excuse our French, but... 
AM alow o)ale-Kioe)ale]ial-lessomice)pamaaombclan 
century when English people used to 
drop French words into speech and 
say “excuse my French” if the 
listener seemed to not understand. 
The phrase was then adopted when 
festo)e) (MU lsvovo MU) ale) (=t-lst-lalmt-lare|Ot-le(=m 
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shocked is a fight ont 
response that anaes 
more oxygen to be Hale 


Why do we open 
our mouths 


when shocked? 


Phillip Whitehouse 

® Opening our mouths in shock or 
disbelief is considered to be an 
evolutionary response. Shock is 
related to fear. When we experience 
fear, our bodies will try to deal with 
whatever is frightening us by 
practising the fight-or-flight 
response. Whether the body decides 
to fight against the situation or fly 
away from it, it requires more 
oxygen in order to prepare the 
muscles to do one or the other. 
Opening our mouths in shock mimics 
taking a deep breath and therefore 
enabling more oxygen to be inhaled 
to deal with the situation. SB 





Geoff Strickland 


™ The white foamy surf we see in breaking 
waves is actually made up of lots of tiny droplets 
containing bubbles of air. These air bubbles do 
not absorb as much light as pure water droplets, 
so the light that has passed through them is 
brighter than the surrounding sea. This is what 
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How do we measure the 
distance to galaxies? 


Jeremy Windsor 

™ Astronomers estimate the distances to far-away galaxies by 
measuring the brightness of their stars. The easiest way of doing 
this is to find a special type of star called a Cepheid variable, 
whose brightness varies over time. US astronomer Henrietta 
Leavitt discovered over 100 years ago that the period of these 
fluctuations relates to Cepheid variable stars’ true brightness. By 
comparing the star’s true brightness to how bright it appears 
from Earth, its distance can then be calculated. Edwin Hubble 
used this method in 1923 to make the first accurate 
measurements of how far away the Andromeda galaxy is. AC 
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Why are some 
people left-handed? 


sports like baseball 


Andrea Owen 

® Around ten per cent of the general population is left handed, and 
according to archaeological evidence, this proportion has remained 
the same for around 5,000 years. A mathematical model developed 








usually gives surf its white appearance. This 
effect is more noticeable when seas are rough 
because the churning waves produce more 
aeration and therefore more bubbles. Pollution 
or dissolved organic matter in the sea (often 
produced by the decay of algal blooms) can also 
create white foam along the shore. SF 
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by Northwestern University has a possible explanation. 

Humans are a competitive species, and historically we fought 
hand-to-hand to settle disputes. In direct competition, left-handers 
have the advantage because their stance is unusual, and in 
one-on-one sports like fencing and baseball, there are many more 
left-handed athletes than you might expect. 

If this were the only affecting factor, the numbers of left and 
right-handed people would eventually even out. However, even more 
important to humans than competition is co-operation. As a social 
species, one of our defining characteristics is the use of tools. 

Left-handed people are at a disadvantage when using tools 
designed for right-handed people, and in golf, a sport where there is 
no direct competition and a heavy reliance of specialist tools, 
left-handers are under-represented. This balance between the 
advantage of novelty in competition and the disadvantage of 
difference in co-operation is thought to be the reason that some of 
the population is left-handed. LM 


Why do breaking waves look white? 


Only the breaking part of the 
wave appears white; the rest of 
the water remains transparent 























Comet Lovejoy near the Earth’s 
ae) d-4e)a¥m ©) stoi Kole) g-] 9) ale M icelanmanlcm pore) 
by NASA astronaut Dan Burbahk 


How do monorails work? 


Patrick Li 
® Most monorail trains just use wheels running over 
a single guide rail, with horizontal wheels clamping it 
to the rail on either side, so the train doesn’t fall off. 
But some use maglev technology to float above the 
track. There are two main types: electromagnetic 
suspension (EMS) and electrodynamic suspension 
(EDS). EMS uses C-shaped arms that wrap 
underneath the track; electromagnets pull the train 
a Fl up by attracting the arms to the bottom of the track. 
EDS uses the train’s motion to induce magnetic eddy 
currents in the metal rail, which creates a cushion of 
magnetic repulsion. Maglev trains accelerate using 
magnetic coils built into the side of the track. These 
create an overlapping pattern of alternating north 
and south magnetic fields. Instead of a conventional 
| engine, the train rapidly alternates the direction of its 
own magnetic coils to attract the front of the train to 
the next coil along the rail. LV 
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Why can’t we digest 
sweetcorn? 


Marc Drury 


What is ats rallacclacates between ® Although unchewed sweetcorn appears to be able to 


pass through the digestive system completely 


an asteroid late a comet? unchanged, it has actually been partly digested. The 
| 


inside of the corn kernel is made up mostly of starch, 


Nina Winslade trails pointing away from the Sun that contain and is easily digestible, but the outside is made from 

PANsiccy qe) Cokes bale mee)astaiccmoleldemeyace)immetaneloney ice and compounds such as ammonia. tough plant fibre called cellulose. Humans lack the 

d h : f obi f di id ieiblen “lal h digestive enzymes required to break down cellulose, so 
and are the remains of objects formed in our Asteroids probably formed closer to the Sun, if you don’t chew your sweetcorn properly it will pass 
Solar System. Sometimes their unusual orbits while comets formed further away in the Solar through your digestive system whole. Digestive 
can bring them close to planets and moons. System and were able to retain ice. Some enzymes are able to diffuse across the membrane, _ 

he diff isin thei Ao pene ons idh breaking down some of the starch inside and releasing 

The difference is in their composition. astronomers theorise that comets could have sugar molecules into the gut, but from the outside it 
Asteroids typically comprise rocks and metals, formed closer to the Sun and been flung out by looks almost exactly the same. LM 
while comets have ice, dustand organic matter gravitational forces from gas giants like Jupiter. 
in addition to the rocky material. Asteroids Another difference between comets and 
stay stable and solid, but ifa comet gets close asteroids is that the former can have huge, 


to the Sun, some of its ice melts off. That’swhat _ elliptical orbits, while asteroids usually have 
gives comets their characteristic “tails” -fuzzy circular, shorter orbits. SF 


FASCINATING ~*~’ 









Trees live forever - sort of 
NVFela nam e)t<]aleome] ge) mice) pamcictcrem-lalemualcla 
die back in a single year. But trees and 
shrubs don’t have a fixed life span. One 
bristlecone pine in Nevada, USA, is over Conte ted NE hak haaiiiad, the 
5,000 years old. Unbe-leaf-able. oqany ettectively Tania 


Quaking, aspén trees have a single 
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Why are slugs attracted to beer? 
Caroline Lewis manage to drink from a beer trap without 
@ Slugs like yeast. In fact, they can smell the falling in. The few that do topple in aren't 
yeast in beer from about halfa metre (1.6feet) affected by the alcohol; fortifying a slug trap 
away, so you need to place beer trapsnomore with extra alcohol doesn’t help and they work 
than a metre (3.3 feet) apart. Beertrapsaren’t justas well using bakers’ yeast and sugar. 
very effective, though. Studies with time- Slugs die in beer traps because they fall in 


JV os{emer- baslsy ez tom ethics) eleyiisemaetclmpeslelcimsivrets and drown, not because they get drunk. LV 









mie at into 79 Vv ic . Ly e, 
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. Why do voices change 
during puberty? 





Chloe Black make a lower sound when they How do infrared 
We speak by pushing air through vibrate, the thickening of the vocal 

two elastic vocal cords attached to cords can alter the pitch of a boy’s cameras work? 
cartilage in a structure known as voice by up to an octave. Gemma Rose 


the larynx, or voice box. The tissue The effect is accentuated by An infrared camera works by detecting infrared 
* in the voice box responds to the changes in the bone structure of energy that we cannot see, and then converting this 
~ male sex hormone testosterone, so the head, which allow the sound to PF icclnccie hice nincc lemon cela minioren 
Testosterone * when levels rise during puberty it resonate. Girls’ voices also drop Electroma alae The signal is processed fe produce a 
panne sic : triggers thickening and growth. Just — during puberty, but the change is dneaal ree Rr ee eect tec es 
ofthe vocal cords “aaa like the thicker strings on a guitar much less noticeable. LM eh crinleayes Gen Taal aieaal Paclction favas 





in the larynx ' 
visible state for us to see and then work out calculations 


7 : to do with temperature. The main component of an 
Does frowning increase i 


infrared camera is the infrared detector. This is what 


the likelihood of wrinkles? converts the infrared energy into an electronic signal. 


Most detectors have two layers. There is electrical 


Darren Rogers resistance between these layers, caused by heat 

Facial expressions, including frowning and smiling, striking individual pixels. Resistance values of individual 
can all take their toll on the skin. The muscles that pixels are converted by the device’s electronics into 
move your face compress the same areas of skin over thermal images and temperature values. SB 


and over again, forming lines that sit between the 
muscles. When we are young, our skin is oily and 


elastic, so it can easily spring back into place, but as New Brain Dump is here! 


we age the composition of the skin changes. We 


produce less and less of the structural protein Don’t miss issue 25 of Brain Dump, the digital sister 
a. collagen, which supports the skin cells, and the level magazine to How It Works, when it lands on the virtual 
‘ of the elastic protein elastin gradually drops. The newsstand on 1 June. You'll discover why children look 
taste buds" 5 process is sped up by environmental factors like Sun like their parents, what exactly a hiccup is, as well as the 
exposure and smoking. LM answer to the question: if you freeze a can of soda, what 


happens to the bubbles? Each issue is packed with 

amazing images and loads 

more trivia snippets, giving 

| | you the knowledge hit you 
| 


© Alamy; Thinkstock; NASA; SPL; ESA 


Can spicy food bum 
off your taste buds? 


William Tucker 

PP Nidatel0le]aner-|esst-](e) amen anise) (en merelanl ecole aren iakevallli 
peppers - can temporarily numb the mouth to 
protect the body from the pain of the heat, it is a eo a 
myth that spicy foods burn off our taste buds. The 
more we eat spicy foods, the more we are able to 
tolerate them, as we become desensitised to the 
heat. In addition to this, our sense of taste diminishes ll 
as we become older. Many mistake this gradual loss , 
of areaction as taste buds having been destroyed, 
but it is in fact a combination of getting used to spicy 
foods and taste bud cells dying over time. SB 





need without having to lug 
an encyclopaedia around! 
Download the new issue of 
Brain Dump on the first 
day of every month from 
— iTunes or Google Play. If 
you have a burning 
question, you can ask at 
www.facebook.com/ 
BraindumpMag or Twitter 
- the handle is 
@BrainDumpMag. 












Get In touch @ Facebook © Twitter Email 
How It Works magazine @HowltWorksmag howitworks@imagine-publishing.co.uk 
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This structure provides the 


tent with an incredibly 

strong frame, capable of 

withstanding 120km/h 
(75mph) winds. 


These camping accessories will make’ siire 
you're well equipped for every eventuality . 


With the summer weather well on its way, many of us will 
start embracing the great outdoors. Camping presents a 
number of challenges to us all, in particularleaving 
behind some of our beloved technology. Fortunately, many 
camping accessories enable you to stay in touch with the 
world, while also keeping you comfortable in all weather. 
















The footbox features a triple- 
layer synthetic fill to keep 
your toes extra toasty. 


Checklist 


Three-wan tent 
Multi- fuel burner 
Solar-powered charger 
Sleeping wat | 
Sleeping bag 
Water filter 















Steam charger ae priate hae St 
NE eats as eS . Sones tee oe 
gt Soe eo se ee aie > as é Se oS Ay ‘dy ; ‘ 
, ve i oy Ae ak) =r | ms 
: ~ Sie Skee se init alt | <0 
eS 48," EIST ote Soke eS AY ey iQ pies coef ") The mat features 181 of Ss “hp 
nae ee ee iS eget: NS Pe ee Praate ine ea 
a “uh uA Se Theda Ties epee © PST SESS RE RN i See ad der RY, these chambers, which . 
ws | ox eke ate H “a ~*~ , Pe Ge 5 ~~ work like pocket spring a 
—L ae ate, Ne Ve ean 2 Rave + mattresses to provide the star Baten “ee 
es os | Ore Oe Bt = superb comfort. OS he hc 'e a mS 
Ber RI Pm as de. ms ve fe Mar De ES es =, ad ty Sah The LifeStraw is able to ig fig “telg 
he 5 93 Se geen ee ad te peel 3 pit = BR See Caea si Soo Finca aA. filter 1,000 litres (264 PEI V wce,*!? 
= aia . ry Pte Gee oe De ee ge gallons), removing anything 
nS a eg ; eS a Aig ge in! Tae a pie a ToS Ww 7 larger than 0.2 microns. : 
e 3 eae EE, Ss ‘ | _"F ae a a ae - - 
rk, Ma ao ei eA, 
: eee 
Water filter 
. LifeStraw 
- 2 Outdoor cooking 
Inflatable frame Trangia Multi-Fuel Burner X2 Solar charger www.cotswoldoutdoor.com 
The Cave by Heimplanet Solarmonkey Adventurer When you’re camping in a remote 
Www.amazon.com location, accessing drinking water can 
www-.heimplanet.com Relying on a campfire to cook can be www.powertraveller.com be difficult. The LifeStraw is able to 
The Cave has an unusual design for a unreliable, which is why items such as The Solarmonkey Adventurer is astrong, | make microbiologically contaminated 
tent, which is actually based on the the Trangia have become so popular. rugged device. It benefits from a nice, water safe to drink by filtering it using a 
molecular structure of a diamond. It’s Working with a variety of gases simple design, and as soon as you hollow fibre membrane. Overall it works 
very simple to erect, and can be including petrol and kerosene, this expose the two solar panels to sunlight, well and doesn’t use chemicals, which is 
completed in minutes using only one device is perfect for demanding winter the red charging light turns on. It’s a nice feature. However, identifying a 
pump. It’s expensive, but will definitely tours and expeditions. It’s very heavier and larger than some of its water source that is contaminated with 
turn heads at any campsite or festival expensive, but is an investment worth competitors, but does provide three something the LifeStraw can’t filter, like 
that you visit. making for serious esl fans. charging options nclUGing USB. dissolved chemicals, is an issue. 
Verdict: * | Verdict: Verdict: | Verdict: 
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REVIEWS 


| Fuel pump 
Building sufficient 
pressure within the 
canister can be 
achieved in seconds, 
/ enabling you to light 
the burner quickly. 





EXTRAS 


Get yourself in the 
know before you go 





Pitch Up, Eat Local 

Price: £16.99 / $27.95 

Get it from: www.amazon.com 

Written by The Camping and 

(OF-Te-\Ve-]alaliave M@si0] emma nl [om elele) ql aval] oss - 
you get the most out of the areathat # .—.@ 
you have chosen to camp in, by je 
identifying the best local produce to © ~ 
“<@ eat. Each featured campsite isclose "=" "~~ 
: to shops and markets where you can 
lo LUhVan(elore]| \asxel0 | qexstom ale] qztel (=a ecHEse 
Vol More lal ast-]I\mexe)alarsve1miY/itam uals 
areas you visit. 


r 


——— | Wall outlet power at on 
c S. | »* The BioLite Kettle Charge os lea eg Reh te ‘ APP = 
3) ere vt Oe ) provides up to ten watts OS A rn PRR og — + = 
fs | | "= Oe , | of power via USB, Ie Sst Wd ees SN es AB A 
Py dase 5 % , Bris Pies rs Sy WL ' charging devices with the A, oe Le | AccuWeather 
RS nn SE Mase eS Ms Se ~~ © strength of a wall outlet. Be cal toda ea Price: Free 
Sher: =] Water resistant gal I Silat Or age x Dn, ite ee Get it from: ; 
_ |) The Solarmonkey 1 ee: ; ey «iTunes and Google Play 
ot ©) Adventurer is both 3 Y | Be ots ‘Gan a), Skee , "nl RRR ae ge x If you plan on spending a lot of time 
Bim water and shock [panty Alen eA RE SO SS cep gees poh eS: Sat rae Fae outdoors, an accurate weather 
i | resistant, making it hee Ae A ele ae | WY ~*~ report is a must. AccuWeather 
_ sufficiently durable | | : hai) ae Chey Me aoe oe Oe Shake ia’ ae A tea ee 7 ~«CProvides a range of forecasts, - 
for outdoor use. alt sy = re : hes x “he fy (an : <% sa B) uN « 2,2 et pe Bae = ee Takei [Ufo lI ave mr-M anyd eeia(eler-] |cve\em a=) ele)a 


for the next two hours. It’s free to 
(e fey" a) (ey=\e m=] ale RexelU|(ect-\V(-MVLe\0minelan 


6 Clean power 


te) 
1 


fe (ein /alemor-l0 (| nim lame mele)ialelelel a 
\ Cal | | and water “s hoe Sea To Summit Ultralight sleeping mat | | WEBSITE 
Nordisk Oscar +5° | ) BioLite KettleCharge £105/ $147 — 
£190 (approx $260) £160 / $224 anirtaeatewoltioutddorcom “ s 
www.cotswoldoutdoor.com www.cotswoldoutdoor.com The Ultralight sleeping mat from Sea To Choosing rs | campsite 
This sleeping bag is exceptionally The BioLite KettleCharge works to Summit features a variety of Website: www.pitchup.com 
lightweight, and is designed to keep you provide two key resources - clean water — technologies to keep you comfortable This website offers information on 
comfortable in temperatures as extreme and power. It cleverly converts the heat and warm. By reflecting body heat, the over 5,000 campsites in the UK and 
as -6 degrees Celsius (21.2 degrees generated from boiled water into sleeping mat ensures that you remain Ireland. It enables you to customise 
Fahrenheit). It’s very comfortable and electricity so you can charge a variety of | warm even in the coldest of conditions. your search criteria, helping you find 
even enables you to sit upright whilst in devices via its USB. It even stores charge _ It also moulds to your body shape nicely your ideal campsite. It’s even 
the sleeping bag. The colour won’t be to _— for you to use when you need it most. when you lie on it. Inflating the mat isn’t possible to book pitches through the 
everyone’s taste though, and it doesn’t Although it is costly, you get two as rapid as you'd like, but can be done Pitch Up, simplifying the overall 
offer great value for money. essential gadgets for the price of one. with minimal effort. process of finding a campsite. 
Verdict: 20> Verdict: 2200 Verdict: 220° 
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P TEST 


Putting products through their onenes 





Portable Bluetooth 





speakers 


Blast out your favourite tunes even if you're 
on the go with these wireless wonders 


{Bowers & Wilkins T7 
‘Price: £299.99 / $349.99 
Get it from: www.bowers-wilkins.co.uk 
aM avewoi al ¢ialem are)ars\.exe)an|om=)ax-vo1m—i0/aqe)e) ave (ave mual-Wi my aualele 
“only makes the speaker look incredibly stylish and 

attractive, it also improves the sound too. The 

Tal k=)a(exer.dlave Mex=1| owr-] come (ot-1[e]alclomuomacielU(excmvd|0)e-1a(e)am-lare| 
fo [isike)au(e)amare] aroma as\vae(em |ae(=tvom ai=)| ole) qele|U(ooi- a(elaF 
clear sound with plenty of detail. However, if you’re 

fo) FeJalaliale mela m=y.4 l=) a(-1a (er alemunlicwciel ol-)gemcvolelalemVali(cmelels 
Fe] avemr-] ofelUlmuarslamuarcM alct-\VAvAm olUlL@vMUlalimyi|im-lele| 

(oxo) als}(e(=1¢-]9)(=Mu2)(e] nlm Kemy{el0] a oy-\em 

Setting up the speaker is simple, but as the 
Bluetooth functionality is not activated automatically 
when you switch it on, you do need to press a button 
(ola da(oma Ke) OM =y-(e1pmalaaomicelemere)alaisco1mm-Vinaelelel amas) (omc 
frustrating, the resulting connection does deliver a 
pleasing jingle and a great range, as your music keeps 
playing even when your device is well out of sight. 

If you have the money to spend, then this high 
fotze ke) anar-lalexcms) el=y-1,<-1mn AI | Ma areLcomc mci eelalaliaremelecelii(e)amue) 
Nol] au ale) aal=em olUimi"/10amaleKeldal-)ar-leleliu(e)ar-|mict-]40|aotomne) 
speak of, you may want to look elsewhere to get 
better value for money. 

Verdict: OOO 
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Price: €199 y $249 (approx £131) 
Get it from: www.binauric.com 

The simple, any-way-up design of the Boom Boom 
lante],(ossm lum (ele), @anle) com |,cowr- ©) (=\ex= evn aavete()aam-lamaal-laire 
speaker. As well as looking good in your home, it’s also 
(ore) an) ey=(e1mr-]alem ce] miauc=l(e]alm=)alele le] amuen=t-5>)| Nem aci(e(oMe) i 
Vole] mi 8y- [em Korey 

When switched on, the speaker springs to life with 
a verbal greeting, a novelty that some will appreciate, 
Ui me)inrcla-mant-\VMllaem-Miiau(omUlarcvcimalialem-lavem-lalave)ylalen 
Nevertheless, this feedback is helpful when 
connecting it to your Bluetooth device, a process that 
Sm laterq=\elle)\vae [el (ol .@-laleR=t-so\VA 

Ai atewsvolUlaleMe|er-] 1 nVmimel (t-] ©) ele) aldiate|Avar-\Vi2)e-le[ow-]ale 
1ua(= =} [6(=)kele)4p mere) al alzvoa(e)ala-\o¥-M ar-]e)1me)me|ge)e)e)[alemelels 
when it is out of line of sight, but the main selling 
points of the Boom Boom are its extra features and 
ability to evolve. 

As well as playing music, the speaker can also be 
Uis{=te Kom a ate].(om ©) ale) a(=More] | cere] ale ml arexe) qe mcie) Ul ale mea] aleme)icle 
ul aarewycele Mor-lal-(e(eManle)aomillarori(o)alcmvit-mual-mexe)paley-lallela 
re] 0) oMVAVZLUaleLel mm ate \Vdlale KOM) ©) /- loin mel0| mela mal-\uvmal-lae\Ni-laee 
Verdict: 0000 


With 18 hours of playback, 
the T7’s battery life provides 
plenty of listening time. 


b {ol meor-] amet alolesi-Migelan 
several voices for your 
sXoleyanm=sele)anmVil-mual=m-] 0) oF 


- @ 


MINI MARVELS 


The pocket-sized speakers with 
mighty features 





stostemereeiicel MUL @y lial 

Although it weighs as much as the average tablet, 
idatsWorelelave| Min) s@\llalm e)ae)aalisxotomcie| el=)a (emo Ulare| 
quality over your music-playing device. 





Jawbone Mini Jambox 

The sleek Mini Jambox is less than 25mm (lin) 
thick, but packs in a lot of useful features that can 
be regularly updated via an app. 
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3 Libratone Zipp 

Price: £299.95 / $399.95 
Get it from: www.libratone.com 
From the packaging to the speaker itself, the Libratone 
Zipp’s design oozes class. The interchangeable wool 
covers are a great feature, enabling the speaker to be 
(ol Uisine) gal isxstom [ame Maatclalaciandar-impat-lanvaeeaalelsiiiace| 
speakers can’t be. The quality leather handle is also a 
plus, as it enhances the portability without 
‘oxo)an}e)celanlisiiale me)aM (ele). <oe 

Connecting your smartphone to the speaker is a 
simple task. It has a range of connectivity options, 
including Bluetooth and Wi-Fi. The Bluetooth 
(oxe)al at=xead(eaMicmv.=1aVm a=) if-1e) (o-lalemanisy-lalcmcele melee mmals\-ve 
an internet connection to use the speaker. The ability 
to simultaneously charge your smartphone while 
streaming music is very clever, and it also works to 
(oxo)anley-}umdarem oy-]atclavmele-liall ale m=) aca\en me) =) (6(-1eele)dgmuar-|s 
(or=] a eloxe0 | re)a mere) a t-] [aM ar-lalehsi-)6ce 

The speaker’s sound is also very impressive. It 
works superbly well over a range of volumes, 
'olge)vd(e||ale R=>.<ox=)| (21a) mcxe6] aroma (evalarctssowr-]a(emualelanle)ialem ey- [ss 
when required. The speaker really fills the room with 
sound thanks to the 360-degree sound projection 
(o(=\-1[e] sMy-ViWalelele]/amuarcw ©) a(ecom aal-\/a ele lmcie)aal-m elsie)e) (= Ne) an 
the Zipp’s design, sound quality and portability make 
it an investment worth making. 
Verdict: 22009 
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of 14 vibrant colours for 
a variety of tastes. 
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You can actually see 
A the Charge 2’s radiators 
I iugslanle)iialemicelaamuat= 
powerful bass. 
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JBL Charge 2 


Price: £129.99 / $149.95 
Get it from: www.jbl.com 
The stylish Charge 2 offers true portability, as it will 
akeye 14nd OM al keMt{ol0] mu oy-lep-laleMiomel6le-]0)(-Melalele le] amine) 
survive a few knocks and bumps on your journey. 
The Bluetooth connection is quick and easy to set 
Uy ome] are m=\\(=10m ace) (eKome] OMY al=)amual=Mo) elzr-1.(lar-lalem ©) ale)aiow-l a> 
Tae [inicla>)almqele)aatcrm oll imi me(el=toe-Yo)aal(=li|gal=somclu aU lele| (om ne) 
pair automatically on later attempts. Nevertheless, 
you and a few friends can all connect at once for 
shared control over the music, plus you can use the 


speaker to take calls thanks to the built-in microphone. 


}MAYe10] am ©) ae)a(sWcit-|a ecm ae lalaliale MelOime)mm ey-1Mk=)a’AMY{el0 ker-la 
also plug it in to charge. However, this does shorten 
the speaker’s battery life considerably so it’s a feature 
that is best left for emergencies, or if you just can’t 
MiVeo] 1a koMU]0)(ey-(eMnar-lmm lalcin-le] e-)aamcial-] em 

What’s really impressive about the Charge 2 though 
Komdalem=y.coxs)i(=lalmcvel0 late me[Ol-]l1AvAm me) m-ielolni- Beate] |m-lale| 
relatively cheap speaker, it delivers rich sound with 
plenty of bass and very little distortion. 
Verdict: 22009 










The Jongo S3 can 
connect via Bluetooth 
or Wi-Fi and has four 
audio settings. 
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Get it from: www.pure.com 

As soon as you take the Jongo S3 out of its box, two 
things hit you. The first is the compact, uncluttered 
design that means it will look good in any room. The 
second is the weight; it feels very heavy for such a 
small speaker. Connecting to the speaker is pretty 
cS} ee} (e] a1 axe) aW'e-]n¢ MAVAVoM ar- (em glen e)ge)e)(=laalomey-lialalene| 
smartphone to it and didn’t lose connectivity when 
streaming music. The small LCD screen at the back 
(ois) eomcre) aal=m llanliccvemialie)aaat-la(e)ammeleim com rele lalemimeO)ixs) 
frustrating to use as it’s so small. 

The sound quality is average and the bass is 
somewhat lacking, which is probably down to the tiny 
speakers. With up to ten hours of playback per charge, 
the Jongo S3’s battery is very good; the battery can 
even be replaced when it wears out so you don’t have 
1 Kos LU \Var- exe) an] ©)(=1 k=) \VA AL e\ NAS) OL=y<] (=) AN Malelele | am | me (el-s-)n iar 
offer the highest sound quality, the Jongo S3 is more 
affordable than some of its rivals. 

Verdict: ©2000 
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Prepare your cabbage 
First, the red cabbage needs to 
be prepared for cooking. 
Accompanied by an adult, chop 
the cabbage into small pieces and 
place them into a saucepan. Cover 
the chopped cabbage with water 
and then heat the pan 

until the water starts 

boiling. Turn the heat 

down and allow the 

cabbage to simmer 

for about 20 minutes, 

stirring occasionally. 





Dry and cut your 

paper towel 
Take each paper towel out of the 
liquid and place onto a cooling 
rack to dry off. Make sure you 
put something underneath the 
cooling rack to catch the drips 
from the paper towels, as these 
can stain the surface below. 
Once the papers are dry, cut the 
paper towel into rectangular 
strips roughly 13cm (0.5in) wide. 
You are now ready to test the pH 
of different liquids. 


Get in touch 


Want to see your ideas on this page? Send them to... 
€) How It Works magazine © @HowltWorksmag 


howitworks@imagine-publishing.co.uk 


viake pH paper 


Learn sie to make pH paper and test acidity in your own kitchen 


oe 












Record your findings 
Once you're happy that the 
paper towel strips have spent 





Stain your paper towels 

Once the cabbage has finished 
cooking, remove it from the heat 
and pour the saucepan’s contents 
through a strainer, making sure 
the purple liquid is collected ina 
bowl. You will no longer need the 
cabbage itself so save it fora 
recipe. Once you are happy the 
liquid is cool enough to handle, 
add the paper towels and stir. 
Leave them to soak up the liquid 
for five minutes, until they’ve 
taken on the liquid’s purple colour. 


Prepare your 

test liquids 
It’s now time to test out your 
pH strips! For this part you'll 
need test tubes, a stand and 
some household liquids. Good 
liquids to use are lemon juice, 
milk, vinegar and dish soap. 
Fill each test tube by half with 
atest liquid, then dip one test 
strip into each and leave fora 
few minutes. Keep watching 
the tubes to see the strips 
change colour. 


In summary... 
Red cabbage contains a pigment 
called anthocyanin, whichis 


responsible for its colour. It’s also 
present in leaves that become red 
or purple during the autumn. The 
changing colours you observed 
during this experiment show that 
anthocyanin is a good indicator of 
acids and bases. It will turn green 
or yellow when added to a base, but 
will become red or pink when 
added to an acid. In neutral liquids, 
it will remain purple. 


sufficient time in the test liquids, 
you can remove them. If you can’t 
do this with your fingers, usea 
wooden skewer. You should record 
the colour of each strip 
immediately; as once they begin to 
dry the colours will often lighten 
and become less clear. You could 
even stick them onto your 
worksheet to keep. 


Disclaimer: Neither Imagine Publishing nor its 
employees can accept liability for any adverse 
effects experienced after carrying out these 
projects. Always take care when handling 
potentially hazardous equipment or when 
working with electronics and follow the 
manufacturer’s instructions. 
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Skim a stone 


Perfect your stone-skimming skills with physics 





Select the perfect stone Prepare to throw 

The stone you choose to skim is vital. For Hold the stone between the thumb and tip 
best performance, it should be flat and even, of your middle finger, with your index finger 
fitting comfortably in your hand. The stone resting on top. Stand side-on to the water’s 


needs to be heavy enough to not blowawayina edge. The optimum angle is about 20 degrees. 


breeze, but if it’s too heavy it will sink too fast. As the stone touches the water, it pushes down. 


The ideal texture is debatable. Asmooth stone The water in turn will push the stone upward, 


seems an obvious choice, but a pitted stone propelling it out of the water. The stone has to 
may help to reduce water drag, similar to how be travelling at a certain speed, or it will 
pitted golf balls exhibit less air drag. momentarily ‘surf’ the water and then sink. 


In summary... 


Set your personal best 

Don’t forget to flick your wrist as you 
release the stone, which will impart spin. 
Spinning the stone is crucial in getting a high 
number of skims. This is due to the gyroscopic 
effect, which ensures the stone remains stable 
as it travels along the surface. For this to occur 
the stone must spin with a certain minimum 
rotational velocity; at least one complete 
rotation must be completed on each bounce. 


Skimming stones is a fun activity for the whole family, and would be great to try out in the coming summer 
months. Make sure you pick a calm day, as flatter water will help you achieve the best results. The current world 
record for the number of skips is 88, which was set in 2013 by Kurt Steiner. That’s definitely something to aim for! 





Get in touch 


Want to see your letters on this page? Send them to... 
£ How It Works magazine © @HowltWorksmag 





INBS 





Speak your mind... 





© howitworks@imagine-publishing.co.uk 


Letter of the Month 





© Dreamstime; Thinkstock 


WIN! 


We enjoy reading 
your letters every 
month, so keep us 
entertained by 
sending in your 
questions and 
views on what you 
like or don’t like 
re lejelelmesl=p eet tee 
You may even bag 
NOs WiVcrsie) 88lom Oa VAs 
for your efforts! 
AMAZING PRIZE FOR 


NEXT ISSUE’S LETTER 
OF THE MONTH! 


EXCELLENT WIRELESS 
HEADPHONES FROM 
JABRA 


The Jabra Sport Wireless+ offer superb 
sound quality and functionality. They 
are comfortable to wear and come with 
three months’ free Endomondo 
Premium, so you can track your 
workouts and beat your personal best. 





Why flies aren’t 
faster than cars 


® Dear HIW, 

My 11-year-old son Nino and myself love 
our new subscription of HIW! It has a 
great mix of interesting facts and new 
developments for all age groups. We’re 
wondering if you could help us answer a 
question we recently thought of. If a fly 
is locked in a car, and flies from the back 
of the car into the front while the car is 
in motion, is it flying faster than the car? 
Thank you! 

Lotta & Nino Rossler 
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Why do people’s tastes differ? 








® Dear HIW, 

| love reading your magazine each 
month! | read the section in issue 71 
where you explain why we crave sweet 
things, which made me think, why do we 
have different preferences in food to one 
another? For example, some love 
Marmite but some hate it. If the reason 
we like and dislike things is because our 
ancestors needed high-energy foods, 
why do our taste preferences differ? 
Thanks, 

Patrick Clare 


The papillae on our tongues house our 
taste buds. People who have lots of 
papillae tend to find certain flavours 
too strong; they’re more likely to 
order a mild curry rather than a 
vindaloo. You can find out whether or 
not you are a ‘supertaster’ with the 
help of blue food dye and a paper ring 
(like a hole-punch reinforcer). Simply 
apply some dye to the tip of your 
tongue using a cotton bud, and pop 
the paper reinforcer over the same 
area. Use a mirror or ask a friend to 
count the number of pink bumps they 
can see within the ringed area. If 
you’ve got more than about 30 to 35, 
this means you’re a ‘supertaster.’ Our 
individual taste preferences aren’t 
just about the number of papillae we 
have, though; our taste buds’ ability 
to detect certain molecules is also 
involved. All of us recognise the same 
five tastes; what’s interesting is that 
different chemicals, from person to 
person, trigger the signals for each 
taste. This is likely to be the real 
reason why our taste preferences 
differ, as certain foods will trigger 
particular tastes in one person, but 
not in another. 


Fruit flies flap their wings faster 
idatclama asm eo) e-llaWcmal-0l ae) stcmil ase 
once every four milliseconds 


* 


A fly is able to do this because the air 
within the car is relatively stationary. 
This means the fly isn’t travelling at a 
greater speed than the car, and is the 
same reason why someone who 
jumps in a plane isn’t hurled into the 
back of the aircraft. If you quickly 
accelerate while the fly is in motion, it 
will actually be forced forward, due to 
air pressure building at the back of 
the vehicle. 





We have a natural 
aversion to bitterness, 
as most toxic plants 


exhibit this trait. This is . 
why children often ~~ 
dislike rhubarb ty 


How to survive a 
desert island 


® Dear HIW, 

l’d like to start by saying your magazine 
is amazing! My question is the following; 
could you survive a desert island if you 
only drank salt water? 

Thanks, 

Titus Macdermot (aged 11) 


Unfortunately, you wouldn’t survive 
for very long. The problem with 


Sea water is much saltier 
than the fluids in our body, 
ome lala) diate mia ulim-leamer-lihV, 
(o(=Vahvcel a=) uomyZele| 










drinking salt water is that it causes 
dehydration; after drinking it you'll 
need fresh water to flush most of 
the salt out of your body. This is a 
commodity you’re unlikely to have 
on a desert island; the best option is 
to treat the salt water to make it a 
more appropriate source of 
hydration. The process of solar 
desalination uses sunlight’s heat to 
remove salt, producing fresh-water 
condensation. With this fresh water, 
it’s possible to survive for ten days 
or longer. 








People who lie 
awake while their 


partners snore are 

thought to lose one 

hour of sleep per 
: night on average 


“The problem with drinking 
salt water Is that it 
causes dehydration” 


Why men snore 
more than 
women 


® Dear HIW, 

| have a question for you. Why do men 
snore more than women? | have really 
enjoyed your magazine since | became a 
subscriber last Christmas. 

Many thanks, 

Joakim (aged 10) 


Hi Joakim, thanks for your letter. It’s 
true that twice as many men snore 
than women. Although snoring can 
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be caused by nasal obstruction or 
enlarged adenoid tissue, there is a 
biological reason why men are more 
commonly the culprits. This is down 
to the way we have evolved to 
speak. As we developed speech, our 
voice boxes were forced to drop 
lower in our necks, which created a 
space behind our tongues. This 
space, called the oropharynx, is 
larger in men. This means that when 
the tongue falls back into the space, 
it is more likely to wake women up, 
whereas men can continue to 
breathe, so they stay asleep and 
keep snoring. 





What's Bech on... 
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Make sure you follow us 
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Get the Inside Stories of 
History s Most Famous Crimes 


Modern history is filled with terrible crimes, baffling hoaxes, and seedy 
scandals. Step into the world of forensic science and study the most 
fascinating historical crimes and mysteries from the last two centuries 
in Forensic History: Crimes, Frauds, and Scandals. Delivered by 
acclaimed professor and forensic anthropologist Elizabeth A. Murray, 
these 24 lectures are a remarkable blend of storytelling and science—a 
whirlwind tour that takes you from the gas-lit streets of Victorian 
London to the mountains of Puerto Rico to small-town America. 


As you journey around the world and into the past, you'll re-examine 
modern history’s great crimes and scandals using the tools and 
insights of forensic science. In doing so, you'll learn how cutting-edge 
advancements in science and technology are applied to investigations 
and how to evaluate evidence and think like a forensic scientist. 


Offer expires 20/06/15 
THEGREATCOURSES.CO.UK/SHIW 
O800 298 9796 
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23. Identification Matters 
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Forensic History: Crimes, Frauds, and Scandals 
Course no. 1174 | 24 lectures (30 minutes/lecture) 


SAVE UP TO £30 


DVD £54-99 
CD £35-399 


+£2.99 Postage and Packing 
Priority Code: 110712 
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=@Gws* GLOBE 2015 THEATRE SEASON 


JUSTICE & 
MERLY 


APRIL - OCTOBER 


THE MERCHANT OF VENICE 
AS YOU LIKE IT 

KING JOHN 

MEASURE FOR MEASURE 
RICHARD II 


THE HERESY OF LOVE 
BY HELEN EDMUNDSON 


THE ORESTEIA 
ADAPTED BY RORY MULLARKEY 
FROM THE ORIGINAL BY AESCHYLUS 


NELL GWYNN 
BY JESSICA SWALE 


RICHARD Ill 
IN MANDARIN 


MACHETH 
IN CANTONESE 


ROMEO & JULIET 
MUCH ADO ABOUT NOTHING 
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